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ABSTRACT 
Fallout is the radioactive glass formed from a mixture of vaporized anthropogenic materials 
with proximate environmental material. These glassy byproducts constitute a compositional record 
of environmental materials such as soil and vapor precursors that are responsible for chemical 
heterogeneity in the glasses. The work of this dissertation is to untangle these different sources of 
compositional heterogeneity, distinguishing low-abundance vaporized anthropogenic-rich 
material from natural compositions, in order examine soil behavior and chemical evolution during 
fallout formation. Unfortunately, mixing convolutes the multivariate elemental relationships in 
these melts due to overlapping element abundances that might distinguish different source 
materials and chemical behaviors, making bivariate analysis difficult or impossible to interpret. 
For these reasons historical and modern studies do not thoroughly investigated how soil affects 
deposition and incorporation of vaporized material in fallout.  
This work employs a two-step strategy to overcome these challenges and more effectively 
understand preserved heterogeneity. First (1), three prospective multivariate approaches are 
compared: classical least squares (CLS) and principal component analysis (PCA), which are 
commonly employed in the literature, with Multivariate Curve Resolution Alternating Least 
Squares (MCR-ALS) that is novel in this application. This analysis shows that a closure and 
equality constrained MCR-ALS approach succeeds in identifying unrecognized precursor 
components and is a suitable alternative to PCA, or CLS-style approaches in situations 
distinguished by limited a priori information of precursor compositions. Second (2), the MCR-
ALS method is applied to unbiased spatial analyses from 13 Trinity fallout glasses to resolve the 
contribution and composition of the environmental or vaporized sources. This numerical approach 
reveals the importance of environmental precursors such as alkali feldspar, calcite, and quartz, to 
iv 
chemical heterogeneity in most glasses. In contrast to previous studies, however, the work resolves 
a high Al-Si-rich precursor constituting evidence for volatile loss in the melts.  Likewise, an Ca-
Fe-Mg-rich composition is also resolved, constituting possible evidence for a vapor source term. 
Correlation of spatial activity distributions, measured by autoradiography, with the compositional 
precursors from MCR-ALS in clear evidence supporting surface-driven condensation, wherein 
molten soil components serve as heterogeneous nucleation sites for the vapor source, 
agglomeration of small melts onto the surface of larger melts, and physical mixing of the vapor 
source into the interior of molten objects. This is the first report to provide quantitative model-
supported evidence for key mechanisms affecting the composition of the vapor phase in a nuclear 
event and highlighting the impact of local materials on resultant fallout compositions. 
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CHAPTER 1: INTRODUCTION 
1.1 Motivation for Research 
 
Nuclear fallout are the glassy products that originate from the condensation and mixing of 
vaporized nuclear weapon and structural debris with molten environmental material during a near-
surface nuclear explosion. These materials are typically lofted into the atmosphere during buoyant 
plume rise raining out both locally near ground zero, and globally across great distances [1]. 
Because fallout incorporate radioactive debris, they constitute both a radiation hazard and an 
environmental consequence. These factors motivate understanding the physiochemical processes 
that control deposition and incorporation of radioactivity during formation. With improved 
knowledge of the overall affect and magnitude of these processes, better estimates or forecasts of 
urban post-detonation nuclear glass hazards may be constructed in order to mitigate hazards from 
an unattributed nuclear explosion in the urban environment. 
Historic literature investigating fallout glasses have described mixing, agglomeration, 
evaporation, and condensation [2, 3] as physical and chemical processes occurring during 
formation. Yet most of these observations are drawn from nuclear tests on compositionally simple 
substrates from coral atolls, with methods and techniques that are low-fidelity compared to 
analytical approaches available today. The corresponding models, described in Section 1.2.3, are 
insufficient to model the range of heterogeneity exhibited by compositionally complex silicate-
rich substrates. Recent literature has begun to redress this situation with highly-resolved spatially 
oriented compositional and isotopic approaches [4, 5], which directly identifies chemical features 
from physical or chemical processes occurring during formation. Nonetheless, interpretations 
differ as to the variable magnitude and effect of the processes due to differing interpretations of 
complex compositional heterogeneity in the presence of multiple sources mixing together. 
 
 
2 
Compositional or isotopic heterogeneity from fallout is challenging to interpret due to 
multiple sources contributing simultaneously to the melt. These sources of heterogeneity have two 
plausible origins: (1) materials involved with the nuclear explosion, and (2) physical and chemical 
processes occurring during formation. The first effect occurs when multiple sources mix together 
and obfuscates the major element chemistries in the resultant melt, while the second occurs during 
formation and may alter the chemical relationships in the melt. Such overlap between multiple 
elements makes untangling vaporized material from natural compositions difficult or impossible, 
which limits understanding of the distribution and relative abundances of these melt components. 
To overcome this challenge, this thesis develops and employs a numerical approach to constrain 
the overall magnitude and contribution of physiochemical processes by “unmixing” relict 
compositional variation. The results of this analysis are used to confirm or refute the hypothesis 
that condensation, evaporation, mixing, and agglomeration are responsible for deposition and 
incorporation of radioactivity.  
 
1.1.1 Overview of Chapter One 
 
In this chapter context is provided for understanding fallout formation. Fireball 
phenomenology is explored in in Section 1.2.1, leading to a picture of fireball-ground interaction 
and a general overview of the time-temperature history of near-surface nuclear explosions. The 
historical evidence that forms the basis of modern models for radionuclide deposition and 
incorporation is then introduced in Section 1.2.2-1.2.3, showing evidence for compositional and 
radionuclide heterogeneity in these materials. A resurgence of interest and research examining 
fallout is discussed in Section 1.3, generally made possible by development and application of 
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highly resolved spatial approaches. Some of this work challenged previous models for radionuclide 
incorporation, which highlights the need for a more thorough understanding of deposition and 
incorporation mechanisms. An alternative approach to understanding sources of compositional 
heterogeneity, the work of this thesis, is described in Section 1.4. 
 
1.2 Background to Fallout Formation 
1.2.1 Stages of Fireball Growth and Development 
 
Fallout formation is best understood in relationship to the time and temperature history of 
the nuclear fireball. Three main stages of fireball growth and development are described in the 
literature for a near-surface atmospheric nuclear explosion: (1) initial expansion through sequential 
absorption and reemission of soft X-rays, (2) hydrodynamic expansion through an initially strong 
but diminish shock, and (3) adiabatic expansion of hot gases terminating in convective mixing 
with cool air from the atmosphere [1]. These processes are superimposed, as illustrations, over the 
qualitative fireball temperature and luminosity relationships in Figure 1. Phenomenological 
models also distinguish between periods of first and second brightness during fireball 
development, roughly analogous to the two peaks of maximum fireball luminosity. The period of 
first brightness occurs during the radiative growth of the fireball, before an opaque strong shock 
forms that obscures visible or thermal radiation from the hot bomb-vapor rich interior. The period 
of second brightness occurs during hydrodynamic growth of the fireball where the shock becomes 
weak enough that it no longer obscures visible or thermal radiation from hot interior [1]. The 
duration of these three periods, and overall time and temperature history of the nuclear fireball is 
proportional to the yield of the nuclear explosive, with higher yields causing greater heating. 
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Figure 1. Fireball temperature and luminosity curves during early fireball growth. 
 
The emplacement, height, and yield of the nuclear explosive are important considerations 
for understanding where and when environmental material interacts with the fireball. Bomb 
material and anthropogenic structure or diagnostic instrumentation enters the fireball rapidly and 
should be expected to thoroughly evaporate, forming bomb-vapor. Proximate environmental 
material may also be incorporated in growing fireball and evaporated but may also be lofted in the 
ensuring updraft underneath the buoyant plume. Environmental material entering at very hot 
temperatures would be expected to become part of the bomb-vapor term, while material entering 
later may only melt or even remain solid. The process of evaporation of environmental material 
time
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has been predicted to reduce the initial temperature of the fireball relative to free-air bursts due to 
the latent heat of vaporization but may also prolong the overall duration of heating at lower 
temperatures during as this heat is released during condensation and solidification [6]. Thus, a 
variety of time and temperature fireball histories are possible depending on the emplacement, 
amount, and type of environmental material entrained in the fireball.  
The formation, characteristics, and subsequent deposition of the vapor-phase condensate 
with environmental materials are also influenced by emplacement of the nuclear explosive. In free-
air nuclear atmospheric explosions, the bomb-vapor remains in the gaseous state until they 
condense by homogenous nucleation into small µm scale particles [7]. Due to the brief time and 
temperature conditions in the fireball, condensation and subsequent agglomeration does not occur 
long enough to produce macroscopic fallout. Owing to the great height that these particles are 
lofted, these fallout are dispersed globally and fall out over long durations [7]. In contrast, near 
surface nuclear explosions incorporate environmental material directly into the fireball during the 
initial expansion and buoyant plume rise [2]. In near surface nuclear explosions, the hot bomb-
vapors interact directly with the surface of molten environmental carrier – condensing onto and 
becoming incorporated with the carrier material. Thus, the behavior and interaction of the 
vaporized material is substantially more complex than the idealized free-airburst. Due to the coarse 
size distribution and lower heights that these materials are lofted to, the macroscopic fallout 
material also falls out rather more quickly than the particles from free-air bursts. Macroscopic 
objects, of the type examined in this study, residue fewer than 24 hours in the plume and is 
considered “local” fallout. Macroscopic fallout form from these melted materials and fallout 
locally in close proximity to ground-zero or adhering onto (or mixed into) the ground-glass leftover 
in the crater.  
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1.2.2 Historical Observations of Chemical Heterogeneity in Fallout 
 
Fallout glass exhibits complex chemical heterogeneities, inherited primarily from 
environmental compositions in the soil but also from the anthropogenic contribution and physical 
or chemical processes transforming the melt. Some of the earliest studies, namely Ross et al., [8], 
sought to connect the observed heterogeneity in ground-glass to temperatures in the fireball – 
linking the temperature conditions with relict compositional heterogeneity. This study estimated 
that Trinitite materials experienced over 1700 K on the basis of strongly deformed siliceous-rich 
regions from relict SiO2 grains in the soil. Also noted were regions of copper enrichment, which 
constitutes the first evidence of mixing between anthropogenic and environmental compositions 
occurred during the detonation. These textures may be considered a record of the heating, mixing, 
and cooling processes affecting swept up soils during and immediately after the event. Subsequent 
analyses confirmed the high temperature environment, greatly exceeded natural phenomena. High 
temperature heating experiments showed for K loss after short heating durations on soils from 
Trinity, but limited Mg, Ca, Al, Si loss [9]. Such experiments showed that fallout formed mainly 
from environmental material and that these compositions were not severely altered from their 
original composition except by melting and mixing.  
Further investigation of aerodynamic fallout from coral-shot nuclear explosion showed 
complex spatial distributions of compositional heterogeneity, morphology, and radioactivity in 
aerodynamic glasses [10]. These observations contrast those investigated by Ross et al., [8], as 
they were symmetrical, formed from CaO or Ca(OH)2 from calcite, and exhibited small spherules 
of Fe adhered to the exterior such as predicted by Stewart et al., [7]. In these early studies, activity 
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was used to understand the behavior of the vapor state and its subsequent interaction with molten 
carrier material, since the actinide and fission radiochemical species originate as an ionized plasma 
[1]. The autoradiography of both south pacific and Nevada-based glasses showed patterns of 
volumetric or surficial activity distribution from differing processes of deposition and 
incorporation as well as small “satellite” melt parcels stuck to the exterior of the bulk sample. This 
spatial distribution of heterogeneity showed processes of mixing and agglomeration, also 
reflecting possible interaction in the cloud between the vapor phase condensate and environmental 
material.  
 
1.2.3 Models for the Deposition and Incorporation of Radioactive Vapor in Fallout 
 
Observations of heterogenous distributions of activity in fallout motivated understanding 
how radioactive bomb-vapors are entrained in the glassy debris. Crocker et al.,[11], for instance, 
describes a wide variety of morphologies, compositions, and relative activity abundances from 
different tests in different emplacements. Mass-balance dictates that all nuclear explosion products 
are distributed across the solid, liquid, and gaseous environmental samples. Any temporal, 
thermodynamic, chemical, or physical process which tends to changes or alters the original 
proportional abundances of nuclear explosion products is termed fractionation. Because the 
radioactivity products of the nuclear explosive have different relative volatilities based on the 
chemical properties of the elemental or oxide species, they exhibit a range of condensation 
temperatures that tend to separate the different products from one another. In the cooling nuclear 
fireball, refractory products condense earlier and more volatile products later. Due to this 
progressive condensation process, the radiochemical composition of the fireball is fractionated 
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from the initial abundances at the moment of detonation. Two models were initially used to explain 
the role of volatility in causing fractionation: Freiling’s power-radial law, and Miller’s 
thermodynamic model [2, 3].  
One of the earliest observations was that fractionation affected the spatial distribution of 
radiochemical species, with refractory species incorporated throughout the volume of the sample 
and others on the exterior. Freiling showed that, given a log-normal distribution of fallout radii, 
the volatile and refractory constituents were correlated as a power function of the fallout glass 
radius. Analysis and fitting of a power-law to normalized fission product abundances yields the 
slope or index of fractionation, with predictive power for tests of similar yield and soils of similar 
composition. Unfortunately, this radial model is difficult to use to predict or interpret fractionation 
from complex environments that have not otherwise been subject to nuclear testing. Different 
environments can form different population size distribution parameters, which are predicted to 
result in different fractionation behavior. Furthermore, silicate soils incorporate some inactive 
crystalline fraction due to the complex petrography of these substrates, which changes the 
distributional relationship of activity for the population [12]. For defense fallout modeling, 
modifications were made to the power-radial law to incorporate some inactive fraction over a 
threshold particle size. Miller’s model addresses some of these shortcomings. 
Concurrent with Freiling’s work was the work of Miller to connect observations with a 
fundamental, as opposed to stochastic, understanding of the physical and chemical processes 
causing them. This thermodynamic modeling approach is more elegant, straightforward, and 
should be theoretically applicable to any environment. Miller’s model assumes that two distinct 
periods exist during fallout formation: gas-liquid equilibrium and gas-solid equilibrium. The first 
period occurs when the molten soil droplets are in gas-liquid equilibrium with the fission products. 
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During this period, refractory gaseous fission products condense directly into the molten soil drops. 
Fission products in the fallout beads are presumed to diffuse quickly and homogenously, following 
Henry’s law of dilute solutions. The second period occurs when the solidified fallout beads are in 
gas-solid equilibrium with the fission products. Condensation theory is used to transport the fission 
products onto the surface of the fallout spherules. No diffusion is assumed to occur through the 
solid glass. Hence Miller’s fractionation model predicts that the larger fallout beads are enriched 
in refractory elements relative to the volatile elements, while the smaller fallout beads are enriched 
in volatile elements relative to refractory elements. Unfortunately, Miller’s model assumes a non-
interacting ideal soil carrier and cannot account for the apparent enrichment of plutonium activity 
with particular phases, especially Ca rich aluminosilicates. 
Despite the conceptual simplicity of the early models, they do not effectively explain 
intermediate or irregular patterns of activity. For instance, Miller’s model makes no 
accommodation for radioactive products that are deposited in both volumetric or surficial ways 
and diffuse partly into the interior from the periphery, such as exhibited in autoradiography by 
Crocker [11]. Likewise, circular textures or glasses along the periphery show processes of collision 
and agglomeration that are not addressed [10]. These deficiencies showed the need for a more 
complex model that considers the micro-scale physical and chemical processes leading to the 
incorporation of radioactive species and bomb vapor in fallout. Such a model was developed by 
Freiling and Norman [13-15], leading to a refinement of understanding for deposition and 
incorporation transport mechanisms. In contrast to the statistical or two-stage models, this 
literature proposes a continuous process of deposition onto the surface and diffusion into the 
interior of fallout glasses even as they become viscous and solid. This mode of incorporation 
explains the rim of activity. Although this spatial distribution is observed in some samples, this 
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mode of incorporation does not adequately explain regions of enhanced activity and heterogenous 
distributions of activity well below the surface of macroscopic glasses, agglomerates, or ground-
glasses. Indeed, fallout literature has generally neglected the convective mixing processes that lead 
to more effective mixing and incorporation of bomb-vapors. One of the goals of the study is to 
understand these processes, examining how they may contribute to the incorporation and 
distribution of activity in macroscopic fallout samples of differing morphology and composition.  
 
1.3 Contemporary Literature 
1.3.1 Modern Geochemical and Radiochemical Analyses of Trinitite 
 
Recently, a renaissance of research has focused on understanding the fundamental 
formation dynamic for these materials, refining and extending historical models with modern 
analytical approaches. The subject of most of this research, the same as this dissertation, is the 
glassy material from the Trinity nuclear explosion called Trinitite. Contemporary literature has 
confirmed the preservation of chemical heterogeneity in fallout produced from near-surface 
(ground interacting) events [16-20]. The degree of heterogeneity can be surprising, given the 
temperatures of order millions of degrees that may be attained in a nuclear explosion [1, 21]. Rapid 
cooling and non-equilibrium formation conditions, however, are likely to produce these chemical 
heterogeneities. Resultant fallout activity and size distributions drive models for predictions used 
to responds to nuclear events, as well as to guide sample collection and interpretation [7, 22].  
Despite an abundance of modern studies, there has been little work to interpret the chemical 
heterogeneity of fallout in the context of understanding primary factors driving fallout formation. 
Also left unaddressed is the impact of the local environment on fallout formation and resultant 
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chemistry, despite (in near surface events) local materials contributing over 99% by mass to most 
near-surface fallout [6]. 
Since the bulk fallout material most likely results from melted soil constituents, these 
mineral compositions are important for understanding preserved heterogeneity. For Trinity, these 
encompasses the geologic components of the Tularosa basin at Alamogordo in southwest New 
Mexico. The principal minerals observed in this area include arkosic sand, quartz, alkali and 
plagioclase feldspars including microcline and ablate, carbonates, and sulfates. Other components 
include chlorides, hornblende, olivine, clays, magnetite, ilmenite, and augite [16, 20, 23, 24]. 
Notably, Trinitite incorporates anthropogenic components from the Trinity test including nuclear 
fuel, fission, and activation products of the nuclear explosion [18]. Anthropogenic materials that 
were proximate to the nuclear device, especially iron, copper, and lead from the tower and 
diagnostic instrumentation, have also been incorporated into the glass [25, 26].  
While historical literature generally focused on symmetrical, or aerodynamic fallout, other 
morphologies are known to exist. For Trinity, two types are observed: a sheet-like glass that is 
most often interpreted as glassy fused soil (‘ground glass’), and aerodynamic glassy fallout beads. 
Local fallout is larger than 100  m and drops out from ground zero to several hundred miles – 
this material is mostly glassy, although some samples show compositional heterogeneities 
suggestive of relict mineral phases [17]. Ground glass is mostly green in color, generally found in 
centimeter sized pieces, 1-2 cm in in depth, and often porous [19]. Ground-glass often consists of 
a smooth glassy side containing higher activity and a sandy, rock and soil-laden base [16]. Most 
literature investigates this variety of glass due to its availability and circulation. Glassy 
aerodynamic fallout, conversely, is observed over a much larger area than the trinitite ground glass 
[27]. These materials are smaller in average size than the ground-glass samples, being reported 
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~mm in diameter, though the range of sizes is not well characterized. While both ground glass and 
aerodynamic glass samples are part of the collections used for this study, as shall be shown, the 
aerodynamic glasses are of particular interest due to their enhanced concentrations of fuel and 
fission products relative to those observed in the ground glass fallout. 
Much more detailed analyses are now possible for certain long-lived actinide and fission 
products, compared to historical literature, due to the of short-lived products and the development 
of modern radioanalytical techniques such as high-resolution gamma spectroscopy using high 
purity germanium detectors (HPGe). Analysis of the radioactivity can help identify the 
composition of the nuclear device and its immediate environment including nuclear fuel, through 
quantification of the remnant fuel, fission products, and activation products. Several studies used 
non-destructive and destructive gamma spectroscopy or mass spectrometry to identify 60Co, 133Ba, 
137Cs, 152Eu, 154Eu, 155Eu, 232Th, 239Pu, 240Pu, 241Pu, and 241Am radioisotopes [16, 18-20, 28-30]. 
Destructive analyses with radiochemical separation used alpha spectroscopy and beta counting to 
measure 90Sr, 234U, 238U, 238Pu, and 239+240Pu radioisotopes [16, 18]. With the exception of the 
natural isotopes 40K, 232Th, 234U, and 238U, all the observed radioisotopes are artificial, and either 
derived from the Hanford reactor (eg: 239Pu and 240Pu), the nuclear explosion (eg: 90Sr and 137Cs), 
or the activation of the device, ground, and/or tower components (eg 152Eu and 60Co). Fission 
products such as 90Sr or 137Cs were not initially present in the first few seconds or minutes after 
the explosion, but later grew in as cumulative yields from independent isobaric precursors. Other 
radioisotopes like 241Am are the progeny of remnant fuel products (241Pu for americium).  
In contrast to historical studies, modern analytical instruments allow far more accurate and 
precise determinations of compositional heterogeneity within the glasses, aiding identification of 
anthropogenic and environmental components. Recent investigations have employed analytical 
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techniques such as scanning and backscattered electron microscopy (SE/BSE), energy dispersive 
spectrometry (EDS), X-ray fluorescence (XRF), inductively coupled plasma mass spectrometry 
(ICP-MS), and secondary ion mass spectrometry (SIMS) in focused, spatial analyses of fallout 
compositions. These studies have reported two compositional glass phases in Trinitite: one thought 
to be derived from feldspars and one derived from quartz [20]. The feldspathic phase, identified 
by (Na, Ca, K) Al-Si associations, is always described as having an eddied texture. Such regions 
are further identified by a relatively high concentration of calcium, perhaps from plagioclase or 
calcite endmembers, and of iron, likely from the vaporization of steel in the tower. Silica rich 
phases (often nearly-pure SiO2), on the other hand, are often are described as having sharp 
interfaces at phase boundaries. Taken as a whole, these compositional textures suggest that this 
particular ground-glass sample must have been hotter than the melting point of natural feldspars, 
but marginally less than the melting point of quartz [8]. If other relict mineral phases could be 
identified, or more detailed observations of SiO2-rich mixing, it might be possible to establish 
better constraints on formation temperatures. These observations were largely confirmed by and 
the work of Belluci et. al. [31], and Donohue et al. [32], who observed that most compositional 
heterogeneity in ground-glass lay within the convex hull established by abundances of major 
elements in observed or hypothesized mineral phase precursor compositions. Preservation of the 
Si-rich glass subdomains, according to Eby et al., [33], was due to the large differences in viscosity 
between these and neighboring subdomains. Additional observation of exsolution textures 
constituting metallic Fe-rich “blebs”, suggesting a degree of unmixing in compositional 
heterogenous sections of ground-glass. Similarly, Eppich et al., [34] observed mixing of 
environmental precursors in a separate uranium fueled test. This study, however, made observed 
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depletion of K and Na in some melts relative to the soil, suggesting evaporative fractionation of 
some of the melts.  
The most recent literature has begun to identify and connect physiochemical processes 
occurring in the fireball to chemical and isotopic heterogeneities preserved in the glass. At the 
microscopic scale, SIMS, autoradiography, and SEM-EDS by Fahey on ground-glass has shown 
that compositional phases with high Pu abundance are preferentially enriched in calcium, and 
depleted in the silicon [20]. To better explain bomb-vapor major element correlations such as 
these, Holiday et al., [35] compared autoradiography in aerodynamic fallout from  an unnamed 
Pu-fueled test to SEM-EDS analyses of corresponding compositions and concluded that mixing of 
bomb-vapor was preferentially enhanced in regions of low-viscosity “mafic” composition defined 
by enrichments of Ca, Mg, and Fe. Mixing was also shown to be an important mechanism driving 
the homogenization of isotopic heterogeneity [36]. Subsequent, NanoSIMS analyses of the 
boundaries between agglomerated objects revealed thin bands of bomb-vapor enrichments. These 
regions, exhibiting correlated Ca, Mg, or Fe, and collocated K, agree with the Norman et al. [15], 
model  of continuous deposition [4]. These observations were used to build a time and temperature 
dependent model from which the formation conditions surrounding fallout could be estimated from 
concentration profiles [37]. 
Like aerodynamic fallout, the remnant activity in Trinity fallout ground-glass is distributed 
heterogeneously. In this fallout variety activity tends to be most concentrated at the smooth upper 
surfaces. Autoradiography is an energy-integrating technique and generally cannot be used to 
differentiate between radioisotopes. Two general formation models have been proposed to explain 
these observations. In the first model the ground-glass is presumed to have formed in situ during 
a brief but intense heating period caused by the fireball [18]. In this scenario, radioactive products 
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are transported into the glass through a combination of diffusive and kinetic-mixing process.   The 
second model, by contrast, hypothesizes that the ground-substrate is injected into the fireball where 
it is melted and activated. This material then “rains” out of the fireball in a molten state and 
agglomerates on the surface of the ground [38]. Belloni examines these two different cases from a 
theoretical basis and concludes that the fireball would carry most of the material away, although 
some “rain-out” would result in surficial activation of ground-glass (this formation dynamic is 
referred to as the two-stage process) [16]. Bellucci’s observations of microscopic inclusions embed 
in eddy regions seems to support this two-stage process. His hypothesis is that observed 
microscopic particulate features precipitated from bomb vapor and were swept into molten ground-
glass surface during the Trinity explosion [24]. The two-stage model, however, does not 
adequately explain the large discrepancy between ground and aerodynamic fallout activities.  
 
1.4 The Work of this Thesis 
 
Recent studies have begun to reevaluate the results and conclusions of the historical 
literature by examining compositional and radiometric heterogeneity attributed to physiochemical 
processes occurring in the fireball. The study by Bonamici et al., [5] for instance, examines 
compositional and radiometric heterogeneity using electron probe microanalysis (EPMA) and 
autoradiography. This work found that the “Ca-Fe-Mg” rich subdomains and activity are 
correlated, in agreement with previous work [35]. Using this correlation as a basis for 
understanding fallout, Bonamici et al. concluded that the “Ca-Fe-Mg” composition constituted a 
pure vapor-phase condensate into which environmental precursor mixed. Additional work by the 
same author [39] posits that the observed non-linear trends exhibited by trace constituents against 
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a “volatility index” constitutes evidence of non-equilibrium condensation. These conclusions 
contradicts the aforementioned theoretical calculations by Stewart et al., [7] as well as 
compositional correlations along the outside periphery of samples and boundaries by Weisz et al. 
[4, 37] and historical literature in the previous section.  
The main goal of the dissertation is to confirm condensation, evaporation, mixing, and 
agglomeration processes occurring in the fireball, and to understand how these may affect the 
incorporation of radioactivity. Overlapping major element chemistries from involved 
environmental material must be deconvoluted and identified in order to interpret relict 
heterogeneity from physical or chemical processes. Much of the work in this thesis focused on 
developing and validating an optimization routine, multivariate curve resolution alternating least 
squares (MCR-ALS), to resolve the different origins and sources of compositional heterogeneity 
in spatially resolved data. This multivariate approach contrasts recent bivariate analyses, which 
may be underdetermined in this scenario [5, 39]. Results from multivariate treatment show 
precursor compositions from the environment, feldspathic, calcic, and quartz, in addition to 
heterogeneity from a Ca-Mg-Fe rich vapor-source term and a strongly heated aluminous 
composition. These compositions define a convenient basis set, which is used to interpret high 
resolution compositional maps for evidence of the physical and chemical processes. These images 
show direct evidence for dynamic processes during formation, including condensation along the 
exterior of compositionally distinct agglomerated regions, bending and stretching patterns 
underlying chaotic mixing processes, and regions of uniform aluminous contribution showing 
areas that likely underwent evaporative loss. Each of these processes were correlated to areas of 
enrichment or depletion in radioactivity, establishing them as controls on the deposition, 
incorporation, and distribution of radioactivity in fallout.  
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1.5 A Summary of the Thesis Chapters  
 
 The thesis into three sections: (1) validating a numerical approach, (2) measuring major 
element and isotopic analyses on fallout, and (3) using model results to construct a qualitative 
model for fallout formation and radionuclide incorporation. These topics also form the overall 
outline for the thesis. Chapter 1 introduces background on fallout formation and provides some 
motivation for why numerical and spatially resolved methods are necessary to understand these 
materials. Chapter 2 provides a discussion of the sample set and how compositional and isotopic 
heterogeneity are analyzed using spatially resolved methods. Chapter 3 presents a rigorous 
introduction and background to the numerical methods considered for interpreting compositional 
heterogeneity. Chapter 4 discusses the creation of a synthetic dataset, which is used to compare 
and validate different numerical approaches to understanding heterogeneity. Chapter 5 applies one 
of the validated numerical methods to Trinitite data in the literature to distinguish between 
environmental and anthropogenic material. The results of this analysis motivate the remainder of 
the thesis. Chapter 6 presents the raw results from radiometric and compositional measurements 
from bulk and spatial analytical approaches. Key results are briefly interpreted: images are 
examined, and data are evaluated using univariate summary statistics. Chapter 7 applies the 
numerical approaches, PCA and MCR-ALS, to spatial data and interprets key results in 
multivariate space. Chapter 8 investigates relict patterns of compositional and radiogenic 
heterogeneity to confirm different mechanisms for radionuclide incorporation. These inform an 
overall model of fallout formation and radionuclide incorporation. Chapter 9 presents the results 
and interpretation of NanoSIMS isotopic analyses of fallout, but examined at higher spatial 
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resolution in order to confirm results from autoradiography on the microscopic scale. A summary 
of chapter conclusions and motivation for future work are described in Chapter 10. 
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CHAPTER 2: SAMPLES AND METHODS 
 
2.1 Introduction 
 
 Previous analyses of fallout have revealed considerable internal heterogeneity using 
spatially based compositional and isotopically resolved approaches (see, for example, [20, 24, 29]). 
This underlying chemical heterogeneity reflects the underlying physical and chemical processes 
occurring during formation. Because these latent patterns are rich in chemical, radiometric, and 
isotopic evidence, this thesis uses bulk and spatially resolved methods designed to capture and 
analyzed the maximum amount of inter and intrasample variation in the sample set. This chapter 
describes each of these techniques: scanning electron microscopy, gamma spectroscopy, 
autoradiography, and secondary ion mass spectroscopy, used to examine fallout. Also detailed is 
the sampling approach used to produce non-biased datasets and the numerical approach used to 
unravel and understand the latent chemical information preserved in these materials. 
 
2.1.1 Samples 
 
A suite of samples including aerodynamic glasses, ground-glass, and soils were collected 
approximately 1500 meters north from ground zero at the Trinity site. Twenty-one glassy 
aerodynamic fallout samples were hand-picked from the bulk soil collection and washed in water. 
Additionally, three cm-sized ground glass samples were chosen at random from the collection. 
Nineteen of the aerodynamic samples were analyzed by gamma spectroscopy. Eleven of those 
samples were chosen at random for detailed characterization through spatially-resolved electron 
beam methods. Samples were characterized optically, then mounted in epoxy and polished to 
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expose their approximate midsections. Autoradiographs were collected from all samples prior to 
coating with ~10 nm of C to enhance conductivity for characterization by electron microscopy 
energy dispersive x-ray spectroscopy (SEM-EDS). An aliquot of soil with all fallout glass removed 
was also characterized. This soil aliquot, consisting of both coarse and fine soil fractions, was 
thoroughly mixed with epoxy and polished using the same method described above.  
 
2.2 Methods 
2.2.1 SEM-EDS Spot Analyses and Compositional Mapping 
 
Secondary electron (SE) images, backscatter electron (BSE) images and x-ray energy 
dispersive spectroscopy (EDS) compositional data were collected using a FEI Inspect-F Scanning 
Electron Microscope. This instrument is shown in Figure 2. The fundamental principle of this 
analytical approach is to measure the characteristic X-rays emitted by electron transitions between 
orbitals, and to quantify from these the elemental abundances. Further detail is given in other 
works, with respect to the physical operating principles [40]. The analyses were conducted at 15kV 
accelerating potential, FEI spot setting of 5 or 6 and at a nominal working distance of 10 mm. For 
fallout samples, SE and BSE images were used for identification and analysis of compositional 
textures, or in determining sample-epoxy boundaries and topological defects for data processing 
(described in the numerical approaches section). Images were post-processed to highlight 
compositional contrasts, and thus the brightness and contrast settings different from image to 
image.  
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Figure 2. The FEI Inspect-F scanning electron microscope. 
 
Single point and area mapping of major element compositions was performed using a 
Bruker X-Flash 6160 60 mm2 area Si drift energy dispersive X-ray spectrometer with data 
processed using a (standardless) PB-ZAF algorithm implemented in Quantax software. Measured 
elements include Al, Ca, Fe, K, Mg, Na, O, Si, and Ti. For single-point analyses, the beam was 
rastered over a 15x15 µm square area in order to reduce or eliminate volatile element loss over the 
course of the analysis. These analyses were run for 30 seconds per analysis, at a beam current 
sufficient for approximately 20,000 cps and pulse throughputs for optimal peak resolution. 
Compositional maps were conducted as 1600x1600 pixel images, with dwell times ranging from 
105 to 210 msec. Total analysis times ranging between 75 and 150 hours per sample (except for 
ground glass mosaic maps). Mapping was conducted at sufficient current for approximately 
100,000 cps per pixel, with a corresponding pulse throughput for maximum count rates. Overall, 
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analyzer dead time ranged between ~20-40% for both single point analyses and area mapping 
depending on pulse throughput settings and count rate. 
Analyses of individual soil grains were conducted in triplicate (or more if possible) for a 
total of 70 individual grains. For sediment grains susceptible to plucking during polishing, such as 
calcite, semi-quantitative data was obtained. Based on analysis of BCR-1 (see [41]), a reference 
glass produced for this purpose, representative absolute uncertainties for the fallout analyses were 
0.05% (Al), 0.06% (Ca), 0.08% (Fe), 0.03% (K), 0.02% (Mg), 0.03% (Na), 0.17% (Si), and 0.03% 
(Ti). A baseline lower limit of detection of ~1000 ppm is assumed,  consistent with the analytical 
limitations of EDS  for elemental concentrations [40]. 
 
2.2.2 Gamma Spectroscopy 
 
The gamma activity of each fallout sample was measured using an Ortec model GEM15P4-
70-PL coaxial HPGE detector, with a FWHM of 1.8 keV at 1.33 MeV. This instrument is shown 
in Figure 3. The fundamental operating principle behind HPGe spectroscopy is to detect gamma 
rays through their interaction with the germanium crystal. Such interactions may include 
photoelectric absorption, Compton scattering, and pair production. A good overview of the 
physical principles and quantification procedures may be found in Knoll [42].  
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Figure 3. The coaxial HPGe detector. 
 
 
Figure 4: The orientation of the sample holder to the detector head. 
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All aerodynamic samples were analyzed in plastic vials placed directly on the detector head 
as depicted in Figure 4. Ground glass samples were placed with the glassy upper surface facing 
the detector head. Manual peak search and identification was performed to characterize sources of 
activity for each of the individual samples. Subsequent spectral analysis (peak fitting, background 
subtraction, efficiency calibration) was performed using Igor Pro 6.1 software. Energy and 
efficiency calibration was calculated from radioactive Eu standard doped filter paper, the details 
of which are in Appendix A.  
 
2.2.3 Digital Autoradiography 
  
Autoradiography for all fallout samples was performed by simultaneous exposure on a 
FujiFilm BAS-SR image plate in a darkened photographer pup tent (see [43]). This set-up is shown 
in Figure 5. This technique uses europium doped barium halide crystals in an emulsion, which 
store a latent image proportional to incident radiation. This image is later “read” out via simulated 
emission from laser scanning and amplified using a photomultiplier tube. More details regarding 
fundamental principles and analysis particular to the approach are in [43].  
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Figure 5. The pup tent for autoradiography exposures. 
 
Figure 6. The GE typhoon FLA7000 autoradiography image plate scanner. 
 
For aerodynamic fallout, an 11-hour exposure was a suitable duration to reveal contrasts 
in activity, but not so long as to saturate pixels or produce nonlinear signal response. A series of 
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exposures on ground-glass ranging from ~16 hours to 163.5 were collected, but only the long 
duration exposure proved suitable for interpretation (see Section 6.4). The difference in exposure 
time between these two types of materials indicates that aerodynamic fallout is substantially 
enriched in activity relative to ground-glass, assuming a linear response curve and equivalent 
signal/noise. After exposure, all of the autoradiography images were developed using a Typhoon 
FLA 7000 image plate scanner at a maximum resolution of 50 µm. Ground glass images were 
post-processed individually to contrast heterogeneous radioactivity distributions, thus regions of 
lightness or darkness are not comparable from aerodynamic to ground-glass, in these samples.  
 
2.2.4 Secondary Ion Mass Spectrometry 
 
Secondary ion mass spectrometry (SIMS) was used to examine the 240Pu/239Pu isotope ratio 
and Pu abundance in two aerodynamic fallout samples and a set of two standardized reference 
materials. This measurement was performed using a NanoSIMS 50 instrument. This instrument is 
shown in Figure 7. SIMS instruments differ from other mass spectrometers in that they include a 
primary column that generates and focuses primary ions onto the surface of a sample. These 
primary ions are generally O2+, Cs+ or O-, chosen depending the particular species of interest and 
substrate properties [44]. Through a process called sputtering, the interaction of the primary ion 
beam with the sample creates a localized source of secondary ions which are extracted and 
transferred through a secondary column incorporating an electrostatic analyzer (ESA) and mass 
analyzer to a detector or series of detectors for quantifying the species of interest. The sputtering 
process is described in additional detail by [45]. The unique attribute of imaging SIMS 
instruments, such as the NanoSIMS, is the ability to raster the primary beam to create an ion image 
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of a localized region of the sample. More detail on the operating theory and application of SIMS 
instruments is provided by [44], while application of NanoSIMS for fallout is discussed by [4].  
 
 
Figure 7. The NanoSIMS 50 instrument at LLNL. 
  
SIMS analyses are sensitive to surface chemistry and topographical features that can 
change the secondary ion yield. In addition, instrumental mass bias produced by variable 
transmission of ions through the mass spectrometer, as well as isobaric interferences from hydride 
or other polyatomic ions, must be quantified in order to determine accurate and precise data. These 
analytical issues mean that quantitative characterization of isotope ratios and corresponding 
abundances require careful comparison to matrix-matched samples and investigation of possible 
interferences. The abundance determination is calculated using a relative sensitivity factor, or RSF, 
given in the equation: 
!"#" = %&'( !)#)      (1) 
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In which IR the ion intensity of the reference material, IE the ion intensity of the species of interest, 
CR the concentration of the reference material, and CE the concentration of the species of interest. 
The RSFE is the relative sensitivity factor for the species of interest [44]. In Chapter 9, the RSF is 
calculated for Pu from a reference material, and this RSF is used to estimate Pu abundances in the 
fallout glass using the equation:   *( = *+ ∙ %&'( !)!"      (2) 
Where CE is the concentration of plutonium, CR is the concentration of the reference element, %&'(/+ is found by solving Equation 1 for analyses of the standard glass, and IE/IR is the 239Pu 
over reference element ion ratio. 
 In this study, O- was chosen for the primary beam, in order to inhibit charging since glass 
is non-conductive and the positive ion yield for the actinides are much higher than the 
corresponding negative ion yields. Primary beam intensity was tuned to 232-282 pA for the first 
two standard glass measurements, but then to 546-576 pA for the remaining analyses of standards 
and unknowns. In total, 77 measurements were made: 20 on standard glasses and 57 on two 
aerodynamic samples. Samples were bracketed by standards to check for drift in the instrumental 
mass bias. The mass spectrometer was tuned to a mass resolving power (M/ΔM) of ≅ 4000. 
Secondary ions of 27Al16O+, 48Ca+, 239Pu+, and 240Pu+ were collected on electron multipliers. 
Secondary ions of 30Si+ were initially collected on an electron multiplier, but the ion intensity was 
too high for the electron multiplier under these analytical conditions. Therefore, the isotope 28Si 
was measured using the faraday cup. However, it not possible to image using the faraday cup 
because of its slow response time. Instead, 27Al16O+and 48Ca+were found suitable to quantitatively 
calculate an RSF. Though 48Ca+ and 27Al16O+ both were suitable for calculating the RSF (the 43Ca+ 
isobaric interference on mass 43 was fully resolved), 48Ca+ was chosen due to less variation in the 
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samples near the regions of interest. One initial concern was that the contribution of 238UH+, which 
cannot be resolved at mass resolution setting, may interfere with accurate determination of 239Pu 
abundance or the 240Pu /239Pu ratio. For SIMS instruments, however, typical ranges for 238UH/238U 
is between 2 × 1034 to 2 × 1035 [46]. This low value suggests that the hydride contribution is 
very small to Pu measurements in the glass, and that this effect could be safely neglected.    
For each analysis, secondary ion images were acquired as 10 x 10 µm2 areas, with each 
image created from sixty consecutive 64 × 64 pixel2 rasters. Isotopic ratios were calculated for 
each image cycle by summing the counts of each species in raster, calculating a ratio for the raster 
area, and then taking the average of all of the ratios from the consecutive image planes.    
 
2.2.5 Numerical Methods 
 
Modeling of the spatially resolved compositional dataset obtained by SEM-EDS analyses 
consisted of principal component analysis (PCA) and multivariate curve resolution – alternating 
least squares (MCR-ALS) routines. Briefly, the characteristic equation of PCA for (m) number of 
data consisting of (p) major elements is: 
 678×9 	= ;8×<=<×9 + ?@×A.         (3) 
 
Matrix 67 in (3) is a dataset approximating the original standardized data, and k is the 
number of compositionally significant principal components. The matrix T defines compositional 
relationships between samples in k-dimensional principal component space. These are referred to 
as scores. The weights in matrix V form the basis for the new k dimension space, which are defined 
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by the relationship (or lack thereof) between p variables. These are referred to as the “loadings”. 
The values in R are a matrix of residuals that are defined as the difference between measured and 
modeled data. PCA is applied to the pretreated dataset to first understand broad multivariate trends 
in the fallout glasses reflected in principal component (PC) loadings, and then to establish whether 
compositional variation may be explained by mixing between measured or hypothesized 
precursors at the site using PC scores. Results from the PCA decomposition are used to constrain 
the number of endmembers mixing in fallout by employing a scree test and cross-validation 
approaches [47, 48].  
Because PCA uses assumptions of orthogonality to uniquely construct PC loadings, these 
loadings may not be interpretable as precursor compositions. Further, loadings may be influenced 
by closure constraints on compositional data [49]. These problems are addressed by using an 
iterative least squares optimization approach known as MCR-ALS, to estimate endmember 
contributions and compositions. These results are used to interpret trends observed by PCA and to 
understand compositional maps, which are projected through the model. In general, MCR-ALS 
proceeds iteratively subject to constraints. A representative algorithm is given [50]: 
 
Step 0:          Initialize A 
 
Step 1:   minF G67HIJ − L8×<F<×9GM	N ,   (4) 
 
Step 2:  	minL G67HIJ − L8×<F<×9GM	N ,   (5) 
 
Step 3:         Go to step 1 until convergence. 
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Where 67HIJ is a filtered (but not standardized/mean-centered) dataset from (3) using 
approximately (k) number of PC’s, A is a matrix of (m) measurements and (k) precursors, and B 
is a matrix of (k) endmembers consisting of (p) major elements. Minimization is achieved, subject 
to nonnegativity, on matrix elements of A and B, penalty-weighted closure on A, and penalty-
weighted equality constraints on B (using the fast non-negative least squares (FNNLS) algorithm 
[50]. The end result of the optimization is to produce estimates of the chemical composition of k 
precursors materials and their corresponding abundances, i.e contribution, to the mixture. While 
the ALS algorithm is proven to converge on a local minimum, estimates are subject to 
multiplicative and rotational ambiguity. This means that estimates of the precursor composition 
may be wrong in such a way that relative contributions are different by some constant multiplier 
and/or some additive sum, respectively (see [51]). Estimates are generated by using measured or 
idealized sediment constituents to initialize ALS in step 0, with subsequent steps employing these 
compositions as equality weights. Both closure and equality weights are penalty weighted using 
the active set methods [52]. The convergence criterion was 100 iterations of the ALS algorithm. 
These methods are evaluated in greater detail over the course of the next three chapters, and applied 
in the remaining three. All calculations presented in this study were performed using MATLAB® 
and Eigenvector® software packages. These numerical methods are discussed and compared in 
greater detail over the next three chapters. 
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CHAPTER 3: MULTIVARIATE METHODS – CLASSICAL LEAST SQUARES, 
PRINICIPAL COMPONENT ANALYSIS, AND MULTIVARIATE CURVE RESOLUTION 
 
3.1 Melts from Energetic Events 
 
Glassy debris is one product of energetic events such as surface-interacting nuclear 
explosions. Such debris incorporates vaporized materials into fully or partially melted carrier 
materials such as local soil and rock [3]. These melted mixtures quench rapidly, often before 
chemical homogeneity can be achieved [4, 33]. In nuclear events, the vaporized compositions, 
namely fission products and residual actinides, are hypothesized to condense onto the soil melt 
sequentially depending on the relative volatility of the pure elements or oxides [3]. The melted soil 
is the source of the macro-scale carrier material that transports vaporized bomb, anthropogenic, 
and environmental material from the fireball into the local environment as fallout. Supporting 
evidence for this model includes morphological features such as agglomerated spherical glasses, a 
paucity of recrystallization textures, major element compositions that reflect soil composition, and 
heterogeneous radioactivity distributions [10, 34].  
Recent studies of elemental distributions in fallout glasses resolve inter-sample and intra-
sample variations in composition, which are interpreted as variable combinations of the vaporized 
precursor with melted environmental materials [4, 20, 36]. The compositional relationships 
between the molten and vapor precursors can provide evidence for chemical and physical modes 
of incorporation of residual actinides into fallout melts, and elucidate the element volatility 
relationships controlling condensation of vapor onto carrier materials. Defining these relationships 
can advance the understanding of how fallout forms, and improve predictions of what fallout may 
look like in future, untested environments. Deconvolution of the chemical composition of the 
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precursor materials and the formation conditions, however, presents a challenging unmixing 
problem when only the end product is available for study.  
Recent studies investigating the relationship between glass composition and radioactivity 
(either as activation products, fission products, or fuel) in historic fallout glasses explore 
compositional heterogeneity by employing spatially-resolved measurement techniques such as 
scanning electron microscopy - energy dispersive X-ray spectroscopy (SEM-EDS), electron probe 
microanalysis (EPMA), and secondary ion mass spectrometry (SIMS) [4, 5, 33, 36]. All such 
methods produce a compositional data set unique to the location analyzed within a sample. In 
general, a variety of locations within and between sets of samples are analyzed, producing large 
data sets containing compositions from a range of locations. Such studies have reported 
compositional heterogeneity exists on a variety of scales, as well as qualitative evidence for 
compositional-activity relationships that may better inform fallout formation mechanisms. For 
fallout from the Trinity nuclear test, for example, high activity regions appear to correlate with Ca 
concentration – an observation Bonamici et. al [5] interprets as evidence for co-condensation of 
evaporated bulk environmental material and trace device material. In contrast, Holliday et al. [35] 
proposes that viscosity plays a major role in the incorporation of radionuclides into fallout and 
suggests that Si-rich compositions may “dilute” activity in select regions in fallout. In a uranium-
fueled test, correlations between Ca, Mg, and Fe with uranium isotopic ratio were observed on the 
interface between occluded objects. This observation led Weisz et al. [4] to propose that the co-
location of U, Ca, Mg, and Mn provided evidence for late-stage deposition of a condensed phase 
onto the surface of melted carrier materials. While each study noted the correlations between 
chemical composition and radioactivity, relatively little work has been done to develop objective 
approaches to elucidate these relationships through data modeling.  
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The traditional means of evaluating spatially resolved compositional datasets has been 
through inspection of bivariate plots of elemental relationships. This approach is insufficient for 
understanding melt glass formation, however, due to the convolution of geochemical relationships 
by intermixing of environmental precursors with anthropogenic or other source compositions. 
Many of the geologic precursors share the same major elements, making analysis of the magnitude 
of their contribution to the melt impossible. In a mathematical sense, this problem is undetermined, 
and an infinite number of plausible solutions or models exist that can account for observations. 
Only by considering compositional data in a multivariate way can the problem be made tractable. 
This approach has briefly been considered in the literature [31]. 
A multivariate approach extracts elemental covariance from compositional data and 
expresses the chemical relationships between source compositions, providing insight into the 
modeling process as well as flexibility to incorporate further constraints. An advantage to a 
multivariate modeling approach is that the analyst may have some a priori knowledge of the target 
lithology, which is otherwise underutilized in traditional approaches. Such an approach may use 
major element compositions in mineral phases, as these constitute a well constrained a priori 
composition. Trace elements may also be used depending on their relative selectivity for the 
precursor of interest, although these are less constrained than mineral compositions for 
anthropogenic or other sources. A priori knowledge is particularly helpful when potential source 
compositions include both geological materials as well as other sources with some degree of 
compositional overlap, such as structural materials iron or concrete.  
Here, objective approaches are investigated to constraining precursor chemical 
compositions in fallout glasses using multivariate statistics to recognize the number of precursors, 
constrain the composition of these contributing precursors, and calculate the relative 
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abundance/contribution of each precursor. A synthetic dataset is generated with known precursor 
compositions and abundances to provide a basis for evaluating multivariate approaches. The 
synthetic dataset simulates compositional variation observed in spatially resolved measurements 
from multiple samples of trinitite-like fallout. These data are restricted to major elements, since 
the trace element composition of the Trinity site is not well constrained and because most data in 
the literature for these glasses are major element analyses. Because the synthetic dataset exhibits 
the same compositional relationships as real fallout compositions, the dataset enables an objective 
comparison of multivariate approaches. Three multivariate techniques are evaluated: classical least 
squares (CLS), principal component analysis (PCA), and multivariate curve resolution – 
alternating least squares (MCR-ALS), noting the strengths and limitations of each approach for 
fallout glasses. A cross-validation approach is then employed to arrive at best estimates of the 
number of system end-members. The results show that MCR-ALS modeling provides the most 
objective basis for interpreting the types of mixtures that form from energetic events. This 
approach is applied to recent compositional analyses of Trinitite to arrive at new conclusions and 
demonstrate the general utility of multivariate statistical approaches to interpretation of 
compositional heterogeneity preserved in energetic melts.  
 
3.2 Numerical Approaches to Modeling the Sources of Melts  
3.2.1 Linear Mixing and Unmixing 
 
Mixing phenomena are common in nature.  They are studied in geologic sub-disciplines 
ranging from igneous petrology to sedimentology, and are extensively described in other 
analogous situations and disciplines [53-56]. Mixing is the linear (or convex) combination of two 
or more independent precursor compositions to produce a single mixture composition. In terms of 
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element concentrations, the mixture may be thought of as a weighted average or linear combination 
of the source compositions.  
The approach used in this chapter assumes that conservative mixtures are formed in melt 
glasses, meaning that no chemical fractionation (e.g. vaporization and condensation of the 
precursor material in the fireball) or kinetic chemical processes in glasses (e.g. exsolution or 
crystallization) have occurred during carrier melt formation or during interaction of the vapor 
phases with the melts. While this assumption is clearly a simplification of the melt formation 
process, several lines of evidence suggest that a linear mixing model is a reasonable first step to 
modeling the compositional variability of these glass compositions. The extent that chemical 
fractionation processes contribute to or act on the quenched melt depends on the corresponding 
time and temperature history experienced by each sample. Historical studies suggest that the 
vaporized mass contribution to the melt is minor; in a surface-burst, approximately 200 tons of 
soil are melted per kiloton of yield, but only about 25 tons are vaporized [6]. The duration of 
heating is brief, on the order of seconds, which presents little time for chemical fractionation to 
occur [57]. Weisz et al. [4] observed an enrichment of condensate along the exterior of similar 
objects, a pattern consistent with such glasses interacting with, but not forming from, a condensate. 
In addition, relict quartz and minor phases with crystalline structure have been identified in 
irregular ground-glass from the Trinity crater, indicating that these mineral phases did not become 
hot enough to fully melt or vaporize [58]. These observations support that a linear mixing model 
can adequately explain the compositional variability of these glass compositions.  
The assumption that heterogeneous melt glass represents conservative mixtures may be 
evaluated using multivariate methods as discussed later in this chapter. In a conservative mixing 
model all possible mixtures lie within the convex hull, which is the hyperplane spanned by the 
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precursor materials, and can be expressed as a linear combination of precursor compositions 
occurring at the vertices [54, 59, 60]. A conventional geometric illustration of these concepts is 
the ternary plot, where the three-precursor compositions constitute the three vertices, and the three 
lines connecting the vertices constitute the convex hull.  
Mathematically, geochemical mixtures may be described using a linear equation of the 
standard form [61]: P8×9 = J8×QRQ×9,    (6) 
 
where A(mxn) represents a matrix of precursor abundances with n precursors contributing to the 
mixture and m measurements of the mixture chemical composition, B(nxp) represents a matrix of 
true precursor chemical compositions with n precursors and p chemical elements modeled in the 
mixture, and X(mxp) represent a matrix of mixture chemical compositions with m measurements of 
p elements in the mixture (Figure 8). For a conservative mixture, the rows in the precursor 
abundance matrix A and the precursor compositions matrix B must be non-negative, and each row 
in A must sum to one [49]. This relationship has been described as the “forward” mixing process 
[56]. 
 
The reverse relationship also holds true: J = PRS,     (7) 
 
where inverse matrix multiplication of the mixture chemical compositions X by the pseudoinverse 
of the precursor chemical compositions B+ produces the precursor abundances A (Figure 8). 
Solving for precursor abundances from the chemical composition of the mixture constitutes an 
inverse mixing problem, or “unmixing” [53]. These calculations are applied to data simulating 
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spatially resolved fallout glass composition data to estimate the composition and mass abundances 
of carrier and vapor precursors for a given sample or within a population of samples. General 
characteristics of the multivariate approaches considered in this paper are summarized in Table 1. 
 
Table 1. Comparison of PCA, CLS, and MCR-ALS approaches  
 PCA CLS MCR-ALS 
Known Major Element Composition of the Mixture 
Major Element Composition of 
the Mixture 
Major Element Composition 
of the Mixture 
Unknown Scores, loadings Source Abundances Source Abundances, Source Compositions 
Constraints None a priori Source compositions  are known 
Non negativity, Equality, 
Closure 
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Figure 8. Matrix multiplication in compositional analysis. 
3.2.2 Unmixing with Classical Least Squares (CLS) 
 
Real compositions in melt glass mixtures cannot be directly modeled using Equation 6 
because real measurements of chemical composition include analytical uncertainty, which 
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introduces random variation into the observations. The addition of this analytical error can result 
in mixture compositions that lay outside of the convex hull, and cannot be explained strictly in 
terms of the true precursor abundances and compositions. Instead, an estimate of the precursor 
abundances, often called precursor contributions, can be constructed by applying Equation 8 to the 
measured data. This operation results in the classical least squares (CLS) model: 
 P8×9 = J7@×TRQ×9 + U8×9,          (8) 
 
where J7(@×T)  is the estimate of precursor contributions, R(m×p) is the matrix of residual terms 
representing the difference between measured and modeled element concentrations (P −	J7R), 
and the matrices R and P are the same as defined in Equation 1 (Figure 9).   
Model performance is evaluated by using two metrics: Q-residuals and residual sum of 
squares (RSS). Q-residuals are defined by the sum of squared residual values along rows or 
columns of R . This metric describes how well variance is captured by the model for a given sample 
or variable. A particular sample exhibiting a high Q-residual value is not well-explained by the 
model, while an element exhibiting a high Q-residual value is not well-explained across the entire 
dataset. These values are defined by the equation:   
 
       X	%YZ[\]^_	(`^a[^b_YZ) = \[^c(UdU)	   (9) 
and 
        X	%YZ[\]^_	(Z^ef_YZ) = \[^c(UUd).    (10) 
 
A closely related metric for understanding model misfit is the RSS, defined in Equation 11. This 
 
 
41 
metric is used to explain the total amount of unexplained variation in the model, and constitutes 
the sum of all Q-residuals.  
 %&& = ga^hY(UdU) 	= ga^hY(UUd).     (11) 
 
The RSS metric is important as it expresses how well an overall model fits the data. A 
model with a greater RSS value will not fit the data as well as one with a lower RSS. This parameter 
is iteratively calculated and compared during the MCR-ALS method, and is further explored in 
Section 2.3.  
 
 
 
Figure 9. The CLS approach to unmixing compositional data. 
 
While the CLS solution to precursor contributions is typically straightforward to interpret, 
it can be difficult to implement in practice because of the sensitivity of J7 to the assumed precursor 
chemical compositions matrix R, which form the starting point of the model. For CLS to produce 
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accurate solutions, the assumed precursor compositions must accurately represent chemical 
compositions present in the system. Initial misspecification of modeled precursors in R will lead 
to a decrease in the accuracy of J7 relative to the true precursor abundances, as well as an increase 
in the RSS. Though widely applied in the literature, CLS is most appropriate to situations where a 
small number of well-known precursors contribute to the mixture [55, 61-63]. These criteria are 
not generally met in the products of energetic events such as meteorite impacts (where the identity 
of the impactor is often unknown) or nuclear events (where the source term and/or near-field 
environment may not be specified). 
 
3.2.3 Addressing Unmixing with R-Mode Principal Component Analysis (PCA)  
 
When precursor compositions are unknown prior to modeling, alternate algorithms to 
determine precursor contributions and compositions are represented by scores or loading estimates 
of element covariance in the dataset. This approach removes the need to accurately define 
precursor compositions R before constructing a model. Principal component analysis (PCA) is one 
such approach and applies no a priori constraints when modeling variation within a dataset. The 
assumptions made in PCA are that compositional variation within the dataset is real and 
meaningful, and that variation can be expressed by a limited (fewer than p chemical elements) 
number of orthogonal vectors reflecting element covariance in the data [64]. In application, a PCA 
of a dataset is performed in three steps: pretreatment of the data, construction of the variance-
covariance matrix, and projection of the pretreated data onto the eigenvectors thus derived [65]. 
In pre-treatment, the variables or measurements are typically scaled so that the model is 
more efficient in representing compositional variation. Variables may be scaled according to range 
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[66], percentile, mean-centering, or by standardization (mean centering and normalized by unit 
variance). Other pretreatment approaches for compositional data have been considered, the most 
relevant of which is the Aitchison likelihood log-ratio approach [49]. The Aitchison approach 
accommodates spurious correlations from closure and may produce more interpretable results but 
requires careful imputation of zeros. This imputation calculation and a discussion of log-ratio and 
data standardization pretreatment approaches for compositional data are beyond the scope of this 
paper (but see [67] and [68] for additional discussion).  
The process of calculating a PCA decomposes the original dataset into a matrix of scores 
and loadings. A PCA model may be constructed based on variable or sample covariance. The 
former analysis, termed R-mode analysis in the literature, expresses the strength (or lack thereof) 
of compositional relationships between the variables in the dataset. The latter analysis, the first 
step in what is termed Q-mode analysis, expresses the similarity (or differences thereof) between 
individual measurements in a dataset. This work focuses on R-mode analyses to understand the 
relationship between compositional variables. R-mode is also more computationally efficient for 
large datasets, such as those originating from spatial characterization of sample composition, 
because an n´n matrix is analyzed as opposed to an m´m sized matrix. 
To construct the characteristic PCA equation, the number of vectors (k≤p) corresponding 
to the number of compositionally significant precursors (n) is chosen: 
 678×9 	= d8×<j9×<d + U@×A.        (12) 
 
Equation 12 has the same basic form as Equation 8 but differs in terms of the coordinate system. 
Matrix 67(8×9) is the filtered (if k<p) dataset approximating the original pretreated compositional 
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data set. The matrix T, notionally similar to the matrix of estimated precursor abundances J7, is 
called the “scores” in this new coordinate system. The score values reflect the location of the data 
in PCA space. The values in matrix V, notionally similar to precursor compositions matrix R, are 
referred to as the “loadings”. The loadings values reflect the linear combination of variable 
weightings that define the new axis of the coordinate system (the principal components). The 
values in U are a matrix of residuals, (as previously defined; Equation 8), that depends on the 
dimensionality (k) of the model. In an ideal sense, the principal component loadings are analogous 
to the major element chemistry of the precursor compositions and the scores are analogous to the 
precursor abundances. Viewed this way, the variable weights in the loadings can be interpreted to 
reflect element correlations in the precursors. Similarly, the strengths of the principal component 
scores reflect precursor abundance, and are described in terms their degree of “purity” [54]. 
When constructing a PCA, the number of valid precursor compositions reflecting the 
chemical rank of the data must be estimated from the eigenvalues to avoid over-fitting the data. 
These eigenvalues reflect how much variance can be attributed to each of the principal components 
(PCs). The first principal component, by definition, explains most of the compositional variation 
in the dataset, with progressively higher eigenvectors accounting for progressively less variation. 
A plot of the proportion of explained variance as a function of eigenvalue number, also called a 
scree plot, can aid in determining of the number of significant principal components captured by 
the data. Another common approach to determining the number of valid precursor compositions 
is a log-eigenvalue plot. The chemical rank of the data is selected as the first point establishing a 
“flattening out” of the minor eigenvalues (e.g., [69] and [47]). Ideally, the inflection point in a 
scree log plot establishes the chemical rank of the dataset, as this point delineates between actual 
compositional variation versus random variation introduced by measurement uncertainty. 
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Nominally, the number of precursors contributing to the mixture equals the chemical rank plus one 
(n+1).  
Challenges in the objective application of a scree plot to determine the chemical rank of a 
dataset has led to development of multiple alternative approaches. The most quantitative approach 
is the cross-validation technique proposed by Wold [48], and adopted here. The cross-validation 
approach consists of constructing a model from a subset of the data, the calibration set, and 
comparing how well this model performs for understanding a separate test-set. Comparison of the 
root mean squared error of the calibration set (RMSEC) and the cross-validation test set 
(RMSECV) reveals where principal components begin to model random compositional variation 
or noise and may yield a more accurate inference of the number of significant principal 
components represented than the scree-test alone. The equations for these metrics are: 
 
%l&m* = n+oop3q      (13) 
and 
%l&m*r = ns+(oot3q      (14) 
 
where the RSS is calculated from i number of samples in a subset and the predicted residual error 
sum of squares (PRESS) is calculated for j number of samples in a test set. Here, a random indexing 
approach to choosing j is employed. Equations 13 and 14 are then calculated in an iterative way to 
produce mean RMSEC and RMSECV values. Even when different pretreatment routines are 
applied to the dataset, this type of cross-validation approach remains applicable, and should result 
in the same estimated number of end-members for a PCA. 
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3.2.4 Addressing Unmixing with Linear Programming (MCR-ALS) 
 
While PCA-based approaches may also be used to constrain precursor compositions, using 
them in such a way can produce ambiguous solutions. This is because compositional variation 
from precursors rarely constitutes the basis of orthogonal variation for the dataset, and element 
concentrations are not statistically independent of one another [49]. Linear programing 
approaches, also called constrained optimization, have been constructed to overcome these 
limitations. Linear programming approaches perform unmixing calculations by iteratively solving 
for precursor abundance and chemical compositions to find an optimal match to mixture 
compositions. While more commonly applied in disciplines such as remote sensing or 
chemometrics, such approaches have also been successfully applied to problems in geochemistry 
[59, 64, 70]. 
The algorithm used to unmix compositional relationships in energetic melt glasses is 
multivariate curve resolution–alternating least squares (MCR-ALS). PCA is first used to determine 
the approximate number of precursors (n) in the dataset, followed by MCR-ALS analysis [71]. 
The core equations implemented in MCR-ALS are 
 
             J7 = PHIJR7S         (15) 
and R7 = J7SPHIJ             (16) 
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where J7 is the estimate of precursor contributions, R7  is the estimate of precursor compositions, 
and XPCA is an estimate of data matrix X (calculated from Equation 12 using k estimated 
precursors).  
The MCR-ALS approach models compositional data and minimizes residuals iteratively using 
two steps: 
1.) The precursor abundances matrix J7 is estimated by holding precursor composition matrix R7  in Equation 15 constant, to minimize the calculated RSS (Equation 11). Precursor 
contributions J7 are then normalized to the sum of the precursor concentrations (1-norm). 
2.) The precursor composition matrix R7  is estimated by holding precursor contribution matrix J7 in Equation 16 constant, to minimize the calculated RSS (Equation 11). 
This routine continues until convergence when either a predefined number of iterations has 
occurred or the residuals no longer decrease.  
In contrast to CLS and PCA approaches, MCR-ALS has many feasible solutions for both J7 and R7 . These solutions minimize the RSS equally well, but do not resemble the “correct” 
solution.  This effect is called multiplicative and rotational ambiguity. Multiplicative ambiguity 
occurs when the relationship between estimated precursor contributions versus true abundances 
deviates from one. Rotational ambiguity occurs when the relationship shows a systematic nonzero 
offset (see [51] for details). In practice, constraints are applied during the regression steps 
(Equation 15 and 16) to reduce ambiguity and identify physically and chemically feasible solutions 
to the problem.  
All linear programming calculations are subject to non-negativity constraints, meaning that 
none of the matrix elements of J7 or R7  are permitted to be less than zero. This is often implemented 
through the use of active-set constraints [72]. This  approach uses a refined version of the Lawson 
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and Hanson, implemented through the row-wise FNNLS (faster non-negative least squares) 
algorithm [50] In prior studies of geochemical data, non-negativity was the only least squares 
constraint implemented in the ALS routine [50]. This algorithm is referred to as the NNLS/1-Norm 
approach. Recent numerical approaches, however, now allow implementation of two additional 
constraints into the regression steps of ALS: closure and equality. This algorithm is referred to as  
the NNLS/Closure/Equality routine. 
Closure constraints require that rows of J7 sum to a constant value (typically 1), which 
reduces multiplicative ambiguity. In previous algorithms, using the NNLS/1-Norm approach (as 
above and Renner [59]), closure is applied by normalizing the element concentrations to the sum 
of each (1-Norm) after step 1 of MCR-ALS (Equation 15). This is not optimal in a least squares 
sense [73]. In the  updated routine, closure is implemented by augmenting rows with a column of 
ones as demonstrated by Gemperline and Cash [52]. A benefit in formulating MCR-ALS this way 
is that residuals are reduced to a greater extent at each iteration, meaning that fewer iterations are 
necessary for convergence. The extent to which these closure constraints affect the estimate may 
also be adjusted by multiplying the augmented values with some penalty constant, allowing slight 
deviations from closure. These penalties are applied before each regression step in ALS and guide 
the model towards a particular outcome. For example, a hypothetical sample whose contributions 
sum to 0.5 would be penalized such that an alternate feasible solution is found where the 
composition is much closer or equal to one.  
A common facet to nuclear explosion or other energetic geologic phenomena is that some 
degree of a priori information, such as the local lithology, is often known, and thus may be used 
to produce more accurate MCR-ALS models. Such information can be implemented as equality 
constrained compositions, which weights the ALS routine to find precursor compositions that are 
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similar to (but not exactly) the input equality compositions. These weights are implemented by 
augmenting the rows of J7 and PHIJ with the identity matrix and equality compositions, 
respectively, in step 2 of MCR-ALS (Equation 16). The end result is that equality constraints can 
reduce rotational ambiguity by incorporating this a priori knowledge.   
Penalty weights may also be applied to equality constraints to restrict how much freedom 
MCR-ALS has when constraining precursor compositions, and to provide flexibility for 
implementing a priori knowledge of the precursor compositions into the unmixing calculations. 
This is achieved by multiplying the augmented identity and equality composition matrices by 
corresponding penalty constants, in the same way as is done for closure. Infinite weights are used 
to completely specify a predefined composition in the solution. For example, a pure quartz 
precursor composition can be completely specified as a precursor in the MCR-ALS model by 
applying infinite equality weights.  The expectation is that estimates of the other precursor 
contributions and compositions will improve as a result of this specification.  These constraints 
are implemented as the code iterates and provide a means by which one can directly incorporate a 
priori physical or chemical knowledge into the MCR-ALS model. Linear programming 
approaches using weighted closure and equality constraints have not previously been applied to 
compositional data reflecting mixing in geochemical systems.  
Modeling of a large number of precursors may be challenging with limited a priori 
information (e.g., only two of five compositions are likely known in what appears to be a five-
precursor mixing problem). Situations such as these, while common, have not been discussed in 
recent geochemical literature. One way to approach this approach is to solve the mixing equation 
(Equation 8) using fewer than n estimates, but this technique has performed poorly in repeated 
simulations using synthetic data. Instead, the mixing equation (Equation 8) is solved for a series 
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of r constrained precursors and q unconstrained (e.g., no NNLS, closure, & equality) composition 
factors, where the sum of r and q is less than n, and q is 2-normed after each iteration of step 2 in 
order to avoid multiplicative ambiguity. In practice, only model 1 unconstrained factor is modeled. 
The operating principle is to treat the minor precursor(s) as a nuisance factor to be added or 
subtracted so that the remaining precursors may be better modeled in lower dimensionality space. 
Note that the modified equation retains the same form as Equation 8, and only differs with respect 
to which column of J7 or row of R7  is constrained. In practice, the non-negativity constraint is 
relaxed by always including the unconstrained factor index in the passive set of the active-set 
method described by [72] or [50] and is discussed in the later. Closure constraints are relaxed by 
augmenting the rows, corresponding to the unconstrained factor index, with a zero instead of one 
(also discussed in [52]). The unconstrained factor is always initialized as a vector of ones, and the 
unconstrained factor is never included in the set of equality compositions. This numerical 
approach, employing mixed constraints, shows superior results to the MCR routine described by 
Equation 15 and 16 in certain circumstances (further discussed in Chapter 4). In practice, a single 
unconstrained factor (r=1) avoids scale ambiguity and prevents over-modeling – but further 
research is necessary to understand whether an optimal number of q estimates exists. The accuracy 
of final precursor contributions J7 and compositions R7  may be evaluated by either expert 
knowledge (primarily, whether the chemistry of the precursor compositions ‘make physical 
sense’), or by residual analysis where Q-residuals and RSS are examined to evaluate whether 
MCR-ALS has produced an accurate solution. 
To demonstrate MCR-ALS in comparison with CLS approaches, in Chapter 4, the exact 
number of precursors known from construction of the synthetic dataset are used. Also, in this 
chapter fewer than the total number of precursors are modeled in order to demonstrate how mixed 
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constraints may improve the contribution and composition estimate. The code implementing 
MCR-ALS is reproduced in appendix B.
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CHAPTER 4: EVALUATING MULTIVARIATE APPROACHES TO COMPOSITIONAL 
HETEROGENEITY 
 
4.1 Synthetic Data Structure and Validation Approach 
 
A synthetic dataset was constructed to reflect spatially-resolved compositional analysis of 
Trinity nuclear melt glass compositions, and realistic variability of the local geology at the Trinity 
site [17, 23].  The synthetic dataset represents hypothetical major element composition 
measurements, such as those obtained through SEM-EDS, that could be obtained if several, 
heterogeneous or quasi-homogenous melt glass samples were characterized. The simulated data 
set is used to compare and contrast the sensitivity of the CLS, PCA, and MCR-ALS approaches to 
resolving system end-members, incorporating the compositional variation and analytical 
uncertainty that are expected in real world datasets. Specifically, these data were constructed so 
that it is possible to:  
 
i.) Compare precursor abundances determined by CLS in situations where a priori 
precursor compositions are incompletely known, and  
ii.) Estimate precursor abundances and compositions as determined by MCR-ALS, using 
educated guesses for precursor compositions as a starting point.  
 
Because the number, relative abundance, and chemical compositions of the precursors are defined, 
the resulting model mixture compositions can be objectively compared to the predefined values in 
a validation process. 
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Table 2. Major element composition and abundance of the five defined precursors 
 Defined Composition 
 Major Element Mass Fraction 
 Al Ca Fe K Mg Mn Na Si Ti 
Sanidine 9.7% 0.1% 0.7% 5.9% 0.0% 0.0% 4.8% 31.4% 0.0% 
Actinolite 0.8% 9.1% 7.5% 0.0% 10.8% 0.1% 0.2% 25.6% 0.1% 
Quartz 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 46.7% 0.0% 
Calcite 0.0% 71.5% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
Iron 0.0% 0.0% 77.7% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
 
 Sanidine Actinolite Quartz Calcite Iron 
Mean 24.7% 5.4% 44.0% 16.1% 9.9% 
Std. Dev ±18.3% ±6.8% ±22.8% ±15.2% ±10.9% 
 
 
The synthetic dataset was constructed in MATLAB® following a two-step process. (The 
dataset is reproduced in the electronic annex). Step 1 simulates the effect of variance in the relative 
abundance of the precursors contributing to the mixture. The precursor compositions B (Table 2) 
were chosen to reflect the mineral components found in arkosic sand at the Trinity test site [17]. 
These components consist of sanidine feldspar, quartz, and minor actinolite (taken from Deer, 
Howie [74]). Limestone (calcium carbonate), also reported at the Trinity test site, is modeled as 
CaO, since one would expect that carbonate would devolatilize in the fireball [10]. An 
anthropogenic iron component representing the tower that the device was detonated on top of [27] 
is included as FeO, as the iron is assumed to be oxidized in the fireball before mixing. The mean 
and variance of precursor abundances A (Table 2) were chosen to reflect the local lithology at the 
Trinity site [23]. The synthetic abundances are sampled from a normal distribution on the simplex 
(see Aitchison [49]). Matrix multiplication, as defined by Equation 6, is used to create the 
multivariate composition data. 
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In Step 2, values sampled from a multivariate normal distribution are added to the major 
element concentrations from Step 1 to simulate the effect of measurement (analytical) uncertainty 
on the modeled mixture compositions. The multi-element variances are scaled to the typical 
uncertainty of a high precision measurement technique such as EPMA [40]. The defined relative 
standard deviations (±1s) are: Al (± 1%), Ca (± 5%), Fe (± 1%), K (± 5%), Mg (± 5%), Mn (± 
20%), Na (± 5%), Si (± 1%), and Ti (± 7%). Appendix C shows typical plots of these synthetic 
data with respect to Si, along with the raw synthetic dataset. 
 
Table 3. The misspecified dataset for a validation approach 
 Misspecified Composition 
 Major Element Mass Fraction 
 Al Ca Fe K Mg Mn Na Si Ti 
Andesine 14.0% 5.6% 0.1% 0.9% 0.0% 0.0% 4.8% 27.2% 0.0% 
Hornblende 3.4% 8.6% 11.3% 0.4% 8.0% 0.5% 0.8% 22.4% 0.5% 
Quartz 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 46.8% 0.0% 
Calcite 0.0% 71.5% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
Illmenite 0.1% 0.1% 29.3% 0.0% 3.7% 0.3% 0.0% 0.1% 33.5% 
 
 
In order to evaluate how well the model performs with respect to the questions described 
in Chapter 3, the modeled melt compositions from the various statistical treatments (Table 1) are 
compared with their predefined values. Evaluation of the CLS and MCR-ALS abundance estimates 
is calculated by constructing biplots of estimated abundances, in comparison to the actual 
abundances as defined in the relevant synthetic dataset (Figure 10 and Figure 15). A line of best 
fit for these comparisons is calculated by linear regression in MATLAB®, and the fitting 
parameters, error, and R-squared are compared to the ideal 1:1 relationship. This approach offers 
a convenient closed form solution as a means of comparison. For both CLS and MCR-ALS, an 
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alternative data set where of three out of five compositions were misspecified was used to construct 
or constrain CLS and MCR-ALS models. These misspecified compositions simulate incorporation 
of inaccurate a priori knowledge into the modeling calculations and demonstrate the affect these 
have on model contribution and/or composition estimates. These compositions, with 
misspecifications consisting of andesine (instead of sanidine), hornblende (instead of actinolite), 
and ilmenite (instead of FeO), are given in Table 3.  
All modeling calculations were performed using MATLAB® with an Eigenvector PLS 
Toolbox® interface. The CLS approach was calculated using standard MATLAB® functions, 
while the Eigenvector PLS Toolbox® interface was used to for cross-validation, PCA and MCR-
ALS calculations. The synthetic dataset generator was constructed entirely in MATLAB® using 
standard programming functionalities. 
 
4.2 Multivariate Approaches Applied to a Synthetic Compositional Data 
4.2.1 The CLS Solution  
 
A CLS mixing analysis, for which a specification of the number and composition of 
precursors is required, was performed using a deliberately misspecified five-precursor model. This 
model, representing an imperfect “educated guess” of soil compositions, uses andesine, Mg-Fe 
hornblende, and ilmenite instead of the actual precursor compositions as defined in Table 2. The 
model preserves the quartz and calcite definitions, as these major element chemistries do not vary 
widely in nature. The slope, intercept, and R-squared values were calculated from known versus 
modeled precursor contributions (Figure 10 and Table 4).   
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Figure 10. The CLS model validation slope and intercepts. 
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Table 4. Validation parameters for the CLS model 
 
CLS Model (Mis-specified 
Compositions) 
 Slope Intercept R2 
Sanidine 0.827±0.033 -0.116±0.010 0.720 
Actinolite N/A N/A N/A 
Quartz 1.098±0.041 -0.102±0.020 0.743 
Calcite 1.025±0.018  0.017±0.002 0.931 
Iron 0.442±0.003 -0.002±0.001 0.990 
 
 
For the CLS evaluation plots (Figure 10a-e), a modeled slope that deviates from a slope of 
one suggests that the estimated precursor contribution is multiplicatively greater or smaller than 
the true abundance (see Section 3.2.4). An offset from the true intercept of zero (e.g., Figure 10a) 
on the other hand, suggests that the estimated precursor contributions are inaccurate in a way that 
is additive; this effect constitutes rotational ambiguity. This effect produces negative or nonzero 
contribution estimates where the true abundance is zero or, conversely, contribution estimates of 
negative or zero where the true abundance is nonzero. The five-precursor model is unable to 
accurately estimate the precursor contributions to the synthetic dataset because the misspecified 
initial model compositions are a poor basis set for the actual variation in the dataset.  
The precursors most sensitive to model misspecification in CLS are the sanidine, actinolite, 
and iron compositions. These, of course, are the precursors whose compositions were incorrectly 
defined in the initial model as andesine, Fe-Mg hornblende, and ilmenite. The effect of 
misspecification is best expressed by the least squares fitting parameters (Table 4), which exhibit 
statistically significant deviations in both slope and intercept. For instance, the validation curve 
for sanidine shows a substantially lower slope than ideal (0.827 ± 0.033), with a corresponding 
intercept that deviates from zero (-0.116 ± 0.010). Even more obvious are the negative contribution 
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values, which strongly suggest poor model performance. The CLS estimate for iron shows the 
same poor fit, although with a better intercept reflecting predominately multiplicative modeling 
error. Likewise, the actinolite contribution is poorly modeled and exhibits only a weak linear trend. 
Quartz and calcite are less sensitive to model misspecification in CLS because the precursors were 
accurately defined. Still, both of the quartz and calcite estimates suffer from a substantial number 
of negative contribution results and a non-zero least-squares intercept (e.g., -0.102 ± 0.020 for 
quartz and 0.017 ± 0.002 for calcite). 
The Q-residuals were examined to understand why the CLS model performs so poorly 
despite the relative similarity of precursors (e.g., both sanidine and andesine are potassium-rich 
aluminosilicates). The Q-residuals for Fe and Mg are the highest values, indicating they are the 
poorest modeled (Figure 10e). This likely reflects the misspecification of the Fe-Mg hornblende 
composition, which was substantively enriched in Fe and Mg with respect to actinolite. The CLS 
solution over-predicts the amphibole contribution to the end-product glass due to the 
misspecification of ilmenite instead of iron, thus inducing errors in the other precursor contribution 
estimates. K and Ti also show high residual values relative to the remaining residuals (Figure 10f), 
reflecting the misspecification of both K-depleted andesine as well as Ti-rich ilmenite. For some 
elements, particularly Ca or Si which are collinear with multiple precursors, even slight 
misspecifications of precursors cause the model to predict inaccurate contribution estimates of the 
correctly specified compositions. 
Overall, CLS models are sensitive to inaccurate estimates of precursor compositions, and 
thus are not as suitable for predicting the relative contributions of each precursor to the resultant 
mixture in the absence of complete prior knowledge of the chemical composition of all precursors. 
This conclusion is applicable to both unconstrained and constrained CLS approaches. The complex 
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mixing observed in fallout, where the compositions of the vapor and anthropogenic precursors 
compositions are unknown and their contributions are of variable magnitude, is expected to be 
more difficult or impossible to model by CLS alone. Instead, linear programming unmixing 
approaches such as MCR-ALS (Sections 4.2.5) can address the inadequacies of the CLS approach. 
 
4.2.2 Using PCA to Constrain the Number of Precursors  
 
A PCA of the synthetic dataset was performed as previously described in Section 3.2.3. 
Prior to application of PCA methods, the compositional data was pretreated by mean-centering 
and standardizing to unit variance. The logarithm of the resultant eigenvalues was calculated and 
are plotted in a scree plot (Figure 11a). A test set for cross validation was formed by leaving out 
10% of the data in a random indexing approach, and the results are shown in Figure 11b. In this 
figure, RMSEC and RMSECV are a mean of 9 such iterations and are plotted as a function of 
principal component number. Scores and loadings for the dataset are discussed and interpreted in 
Section 4.2.4 for selected PCs.  
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Figure 11. Scree plot and cross-validation model of the synthetic dataset. 
 
In the analysis of the synthetic data, minor PC’s begin to “level” out at the 5th eigenvalue 
in the scree plot [47]. This result suggests that six precursors explain the compositional variation 
in the dataset. As the synthetic dataset was created from five precursors, PCA overestimates the 
total number of system precursors. This ambiguity reflects the inherent limitations of interpreting 
the scree-test plot. In contrast to the scree test, the cross-validation approach clearly estimates 5 
valid precursors, which is consistent with the assumptions underlying the synthetic dataset. In the 
cross-validation plot, RMSEC and RMSECV follow a similar descending trend until a minimum 
RMESCV in the fourth principal component. Thereafter the RMSECV substantially increases in 
magnitude (PC 7 through 9 are not shown). This pattern shows that the variation captured by the 
first four principal components is common to both the calibration and test subset and is 
compositionally significant. The remaining minor PCs model random uncertainty from noise that 
is not common to both the calibration and test subset. An estimate of 5 precursors accounts for 
99.76% of the total variation in the standardized dataset, suggesting that instrumental noise 
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contributes only small amounts of variation to the data. Section 4.2.3 demonstrates that estimates 
based on cross validation are relatively insensitive to the precision of the data. 
 
4.2.3 The Effect of Instrumental Uncertainty on Constraining the Number of Precursors 
 
An important consideration in constructing the model is the degree to which analytical 
uncertainty may affect an estimate of the number of precursors constituting a mixture. This 
problem is investigated by adding three times the original uncertainty to the data as described in 
Chapter 3, followed by a sensitivity analysis. The eigenvalue and cross validation approach, 
discussed in Section 4.2, were applied to the perturbed dataset with results plotted in Figure 12a 
and b. Notably, both plots are very similar in appearance to those in Figure 11a and b. The cross- 
validation plot, in particular, shows a distinct inflection at PC 4 that indicates 5 precursors 
accounting for variation in the mixture. Based on these results, PCA and cross validation 
approaches are fairly robust against analytical uncertainty for heterogeneous mixtures such as 
those from nuclear fallout or tektites.  
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Figure 12. Scree plot and cross validation of the noise augmented synthetic dataset. 
 
4.2.4 Interpretation of PCA Scores and Loadings  
 
Inspection of the PC loadings helps demonstrate how chemical heterogeneity from mixing 
is modeled by the principal components. The PC loadings from the synthetic dataset (Figure 13a) 
reflect the qualitative chemical relationships from precursor compositions. The first two PC 
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respectively. The Mn, Ti, and Mg elements are grouped, consistent with the predefined precursor 
composition for actinolite. Iron, conversely, does not exhibit the same pattern and suggests that 
another precursor composition convolutes the contribution from actinolite. Overall, the first two 
PC loadings appear to successfully, albeit broadly, explain the compositional variation from 
chemically distinct sources terms. This reflects the primary limitation of eigen-based 
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straightforward way. Despite this, PCA can provide qualitative insights on the compositional 
relationships between different samples, laying the framework for understanding similarities and 
differences between different types or morphologies of glass.       
 
 
 
Figure 13. PCA analysis of the synthetic dataset. 
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polygon). This convexity means that any compositional measurement contained within the hull 
may be explained by linear combinations of precursor compositions, establishing the vertices or 
extreme values. The convex hull established for the  incorrect a priori information (blue polygon) 
also encompasses the data along PC1 and PC2. For instance, the synthetic data mainly cluster near 
iron, calcite, and quartz precursors along PC 1 and PC 2, with variance towards sanidine and 
actinolite compositions. It is apparent that neither sanidine nor actinolite exhibit pure contributions 
in the bulk mixture, as defined in Chapter 3. Within the basis of the misspecified model, however, 
measurements near andesine may appear more compositionally pure, while those trending towards 
the hypothetical ilmenite composition appear far more dilute. Despite these inaccuracies, general 
trends are still apparent – that is, the data shows large scales of variation towards a feldspathic or 
iron-rich composition. These observations are consistent with the assumptions used to generate the 
synthetic dataset. 
Next, PC 3 and PC 4 loadings (Figure 13c) are examined to understand how minor 
heterogeneity is captured by the model. In contrast to PC 1 and PC 2, Ca, Fe, and Si are spread out 
and show greater magnitude loadings, reflecting the calcite, iron, and quartz precursors. The Al, 
K, and Na, or Mg, Mn, and Ti groups are tightly clustered and show lower magnitude loadings. 
These two groups are suggestive of the sanidine and actinolite precursors, respectively. The 
proportionality of variance captured by the minor principal component loadings (31.98% of the 
total compositional variation) do not indicate the abundance and overall variance of the 
corresponding precursors. Quartz and calcite, which are particularly abundant in the synthetic 
mixture, are best explained by variance captured in PC 3 versus PC 4. Likewise, iron is the least 
abundant precursor but shows loadings comparable to Si or Ca in this space.  
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PC3 and PC4 scores (Figure 13d) provide insight into how calcite, iron, and quartz are 
distributed in the mixture to produce compositional variation. These scores show a skewed, but 
unimodal multivariate distribution within the convex hull of specified precursors. The projected 
compositions for calcite, iron, and quartz do not tightly cluster in a subset of PC space, as 
previously observed in PC 1 versus PC 2, but are dispersed. This pattern suggests that the minor 
PCs mainly reflect variation from the calcite, iron, and quartz precursors. The other precursors 
show a different behavior, with andesine plotting close to quartz, and sanidine plotting very close 
to the origin. The scores are still within the convex hull for the correctly specified precursor set, 
but do not cluster at any of the pure precursor compositions with the exception of sanidine. While 
the data cluster near sanidine initially suggests that this precursor is responsible for the bulk melt 
composition, this relation is actually an artifact of projecting a 5-space hyperplane on two axes. 
This comparison demonstrates that caution should be used to avoid over-interpretation of the minor 
principal components in higher dimension problem sets, without proper consideration given to the 
scores from major principal components. An interpretation of these scores, based on the 
misspecified convex hull, reveals that not all of the data are encompassed by this model. Fe-rich 
model compositions such as hornblende or ilmenite are completely inadequate to “explain” 
variation trending towards pure Fe, due to correlations with Mg, Mn, and/or Ti. In such a situation, 
the model compositions are inaccurate and use an interpretation of the loadings to propose a new 
set.  
Overall, PCA is useful for understanding general mixing trends in a melt, and the key 
precursors contributing to compositional heterogeneity. PCA methods, however, are not suitable 
for quantifying the composition or contribution of these precursors, due to challenges in PC 
loading and score interpretation. Where a priori compositions are present, these hypothetical 
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compositions may be projected through the PC model, and convexity of the mixture visually tested. 
In some circumstances, this approach may improve the interpretability of a PCA model, but 
caution should still be exercised to prevent over- or mis-interpretation. In addressing energetic 
melts, the greatest utility of PCA is the estimation of the number of precursors or chemical rank 
of the dataset, whether by the scree test or cross validation approaches, especially where a priori 
information is insufficient or incomplete. Additionally, PCA estimates of the chemical 
composition of the precursors may be used to construct an optimal MCR-ALS model.  
 
4.2.5 Linear Programming Solutions  
 
Two MCR-ALS mixing calculations were performed on the synthetic dataset to evaluate how 
well this approach estimates precursor contributions and compositions when there is incomplete 
knowledge of the number or chemical composition of the precursors. This chapter compares: 1) 
the traditional NNLS/1-Norm approach and 2) a NNLS/closure/equality penalty weighted 
approach. The former approach has been used to understand mixing in sedimentology and 
oceanography [59], but does not have a way to include a priori knowledge in the modeling process. 
The later approach, termed the NNLS/closure/equality approach, incorporates a priori knowledge 
as equality constraints. These approaches are compared to evaluate how incorporating a priori 
information from a target lithology produces better composition and contribution estimates.  
Both models were initialized using the same five compositions from the synthetic dataset, each 
representing the five “purest” analyses that correspond to the 95th percentile abundance for each 
of the five precursors. These are the samples most enriched in each precursor but lay on the inside 
of the convex hull as discussed in Section 3.2.1. Each model was run for 100 iterations. The 
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NNLS/Closure/Equality approach used the misspecified feldspar, amphibole, quartz, calcite, and 
ilmenite compositions as equality constraints, with penalty weights of 0.1, 0.1, 5, 5, and 0. This 
approach allows us to investigate how incorporating a priori information about likely sources can 
affect the accuracy of the model outputs. The equality compositions, which are augmented on to 
the rows of matrix P and J7, are multiplied by the penalty weightings to control how much these 
defined compositions constrain the solution. As an example, an equality weight of 1 on a 
hypothetical precursor means that the definition exerts an influence that is proportional to the 
average variable in the dataset for composition and contribution estimates. Higher equality weights 
produce a more constrained solution, while lower weights procedure a less constrained solution 
(e.g., Gemperline and Cash [52]). Here, applied penalty weights are applied reflecting different 
confidences in the initial ‘guesses’ as to the potential chemical composition of model precursors. 
Calcite and quartz equality compositions were heavily weighted in the model, though not infinitely 
(as in the CLS example above). Other constraints include a nonnegative concentration for 
precursor abundance, as well as a 0.1 closure penalty weight that requires precursor contributions 
to sum to a constant.  
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Figure 14. MCR Results from the analysis of the synthetic dataset. 
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Table 5. MCR-ALS estimated major element compositions for the two models 
 NNLS/Norm-1 Model 
 Major Element Mass Fraction 
 Al Ca Fe K Mg Mn Na Si Ti 
Feldspathic 11.8% 0.0% 0.0% 7.1% 0.0% 0.0% 5.8% 29.0% 0.0% 
Amphibole- 
Rich 0.9% 0.0% 0.0% 0.0% 13.3% 0.2% 0.2% 34.5% 0.2% 
Si-Rich 0.0% 0.3% 0.1% 0.0% 0.0% 0.0% 0.0% 46.4% 0.0% 
Ca-Rich 0.0% 65.2% 0.9% 0.0% 0.0% 0.0% 0.0% 3.4% 0.0% 
Fe-Rich 1.0% 0.9% 60.4% 0.5% 0.4% 0.0% 0.5% 7.9% 0.0% 
          
 NNLS, Equality and Closure Model 
 Major Element Mass Fraction 
 Al Ca Fe K Mg Mn Na Si Ti 
Feldspathic 9.9% 0.0% 0.0% 5.9% 0.0% 0.0% 4.8% 32.7% 0.0% 
Amphibole- 
Rich 1.5% 7.1% 4.3% 0.4% 10.8% 0.1% 0.5% 28.8% 0.1% 
Si-Rich 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 46.8% 0.0% 
Ca-Rich 0.0% 71.5% 0.0% 0.0% 0.0% 0.0% 0.0% 0.2% 0.0% 
Fe-Rich 1.1% 0.9% 55.2% 0.6% 0.5% 0.0% 0.5% 7.9% 0.0% 
 
 
The estimated precursor composition from the two MCR-ALS analyses are shown in 
Figure 14a-e, with the accompanying data in Table 5. Precursor compositions are plotted as the 
estimated (or defined) mass fraction for each element. The logarithm of the Q-residuals is also 
plotted (Figure 14f). Three lines are shown: the blue line is the NNLS/1-Norm constrained model, 
the red line is the NNLS/Closure/Equality constrained model, and black line shows the defined 
value from Table 2 for comparison. In contrast to CLS, both MCR-ALS modeling approaches 
converged to produce non-negative estimates of precursor composition and contribution by 
minimizing model residuals.  
In general, the NNLS/1-Norm model produces less accurate contribution and composition 
estimates than the NNLS/Closure/Equality model. For feldspathic, Si and Ca-Rich compositions 
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(Figure 14a, c, and d), the differences between the MCR-ALS models are minor. The NNLS/1-
Norm routine estimates a slightly more Al-Fe-K-Na rich composition and Si depleted composition, 
while the NNLS-constrained model is closer to the defined composition. For the Ca-rich glass, the 
NNSL/1-Norm routine underestimates the Ca concentration with a corresponding overestimate of 
Si (Table 5). In contrast, the NNLS-constrained model produces an exact estimate for Ca with very 
low Si (0.2%). For the Si-rich glasses, both MCR-ALS estimates are nearly equivalent, though the 
NNLS-constrained estimate of Si concentration is exact, while the NNLS/1-Norm routine shows 
a 0.4% offset. Both Ca and Si equality compositions are subject to the highest penalty weights, 
reducing ambiguity substantially for these compositions.  
For other precursor compositions, namely amphibole and Fe-rich compositions, the 
difference between the two models is much greater. The NNLS/1-Norm routine greatly 
underestimates Ca or Mg in the amphibole composition, while the NNLS-constrained model 
estimates somewhat depleted concentrations (Figure 14b). The composition of the Fe-rich 
precursor is particularly challenging to estimate and is the only precursor in which the NNLS/1-
Norm routine is more accurate than the NNLS-constrained routine. The application of ilmenite as 
an equality constraint reduces the accuracy of the final contribution and composition estimate. This 
effect indicates that a strategy, consisting of comparing equality composition to final 
compositional estimate, should be employed to ensure equality compositions do not detract from 
model accuracy. 
In these models, Q-residual values are inversely proportional to the amount of elemental 
variation captured by the overall model. As such, Q-residuals are a metric of how well a particular 
element is modeled. Overall, the results from both ALS models exhibit considerably lower residual 
values than for the CLS routine.  Mg and Fe, in particular, have Q-residuals that are two to three 
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orders of magnitude smaller than the Q-residuals determined by the CLS routine (Figure 14f). This 
comparative residual analysis demonstrates the benefit of using optimization routines as opposed 
to traditional CLS calculations.  
Between the NNLS/1-Norm and the NNLS/Closure/Equality approaches, the former showed 
comparatively higher Ca, Fe, and Si Q-residual values. These residuals originate from the 
modeling inaccuracies of the amphibole and Fe-rich compositions and can serve as an objective 
clue for understanding model performance when evaluating real data. The NNLS/Closure/Equality 
achieves comparatively better performance than the historical approach, despite using more 
constraints, because of the applied penalty weight. This technique permits more model flexibility 
than the historical approach as some deviation from the constraint is permit (i.e. precursor 
contributions deviate slightly from 1). Using the RSS metric as a basis for comparing overall model 
performance, the RSS from NNLS/1-Norm model is 17.9 times greater than the RSS from the 
NNLS-constrained model (5.10 × 1034 versus 2.87 × 1035).  
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Figure 15. Validation slopes and intercepts for both MCR-ALS models. 
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Table 6. MCR-ALS model validation parameters 
 NNLS/Norm-1 MCR-ALS Model  
NNLS/ Equality/Closure MCR-ALS 
Model 
 Slope Intercept R2  Slope Intercept R2 
Feldspathic 0.832±0.004 -0.012±0.001 0.994  1.001±0.006 -0.023±0.002 0.992 
Amphibole- 
Rich 0.804±0.006 -0.003±0.001 0.992  0.979±0.007 -0.005±0.001 0.986 
Si-Rich 0.982±0.011  0.022±0.005 0.971  1.025±0.003 -0.027±0.002 0.986 
Ca-Rich 1.096±0.006 -0.004±0.001 0.993  0.999±0.004  0.001±0.001 0.996 
Fe-Rich 1.288±0.006 -0.006±0.001 0.994  1.406±0.005  0.007±0.001 0.997 
 
 
Calculated precursor contributions are plotted against known abundances from the 
synthetic dataset (Figure 15) to highlight how MCR-ALS can produce superior estimates to CLS 
by accounting for the anthropogenic precursor composition in the melt (Table 6). Two separate 
linear least square regressions appear on each of these plots for each of the MCR-ALS solutions, 
blue for the NNLS/1-Norm model and red for the NNLS/Closure/Equality model. For those 
compositions that are well explained by ALS, namely feldspathic, Ca-Rich, and Si-Rich 
precursors, the slopes from the NNLS/1-Norm model show deviation from the 1:1 ideal, exhibiting 
greater multiplicative ambiguity due to inaccuracies in estimating precursor compositions. The 
NNLS/Closure/Equality model, in contrast, shows validation slopes nearer to the ideal 1:1 for 
feldspathic and Ca-Rich contributions, exhibiting less multiplicative ambiguity. The Si-rich slope 
proves an exception to this trend as it is within error of the NNLS/1-Norm result.  
The compositions that are not well-modeled by ALS show a different behavior. The 
NNLS/1-Norm model produces superior Fe-Rich contribution estimates (as judged by the 
validation slope), and the NNLS/Closure/Equality model produces superior amphibole estimates. 
For the Fe-Rich contribution, these results show how inaccurate equality compositions may result 
in a less accurate model contributions than had no equality constraints been applied. These 
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inaccuracies manifest as multiplicative ambiguity. For actinolite, however, the hornblende equality 
composition was sufficiently similar to resolve more accurate contributions. Equality constraints 
substantially aided the accuracy of the estimation for this precursor.     
This assessment confirms that MCR-ALS can effectively unmix compositional data 
collected from the products of energetic melts when there is limited a priori information of 
precursor compositions and abundances. Incorporating equality weightings can improve the 
accuracy of the solution, allowing for better estimates of hypothesized precursor contributions and 
compositions, and will yield accurate solutions even in the absence of measurements reflecting 
pure precursors. Inaccurate equality constraints with high penalty weights may introduce bias, but 
the overall accuracy of the model was still improved despite this effect. For real compositional 
data, an iterative approach may be necessary to determine optimal weights. Incorrect precursor 
guesses will typically require higher equality weights to be incorporated into the model than 
correct guesses, to compensate for inaccurate a priori knowledge. The relative difference between 
estimated and equality constrained composition provides a qualitative metric regarding the 
accuracy of the definitions. These models also show that any a priori knowledge of geochemical 
compositions (for instance, the major element composition of the feldspars) may be helpful in 
assessing the accuracy of the MCR-ALS estimates of the actual compositional data. Often the 
composition of target lithology is known for nuclear explosions or other energetic phenomena and 
constitute a priori information that has not generally been incorporated in modeling. 
Consequently, the NNLS/Closure/Equality model is best suited to handle these kinds of problems. 
 
4.3 Modifications to the Traditional MCR-ALS Routine 
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4.3.1 Multiplicative Ambiguity Reduction through Closure Constraints 
 
During the alternating least squares (ALS) routine, either contributions or compositions are 
typically 1 or 2-normed in order to prevent multiplicative ambiguity. For example, the routine 
discussed by Renner [59] applies a 1-norm to the contribution estimates. This intermediate 
normalization step is not applied in the NNLS/Closure model, however, because approximate 
closure is implemented as part of the least-squares estimate. The performance, expressed by the 
total sum of squares and known versus modeled precursor contributions (feldspathic), is compared 
for both the NNLS/1-norm model and the NNLS/closure model in Figure 16. The models are 
initialized using the compositions described in Section 4.1 (Table 3), with a 0.5 penalty applied to 
closure and a total of 50 iterations. No compositional equality weights were applied to produce 
these results. 
 
Figure 16. The effect of true least squares constraints on MCR-ALS estimates. 
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The model results shown in Figure 16a suggest: (1) that penalty-imposed closure 
constraints may reduce residuals to a greater extent per iteration than the 1-norm, while the results 
from Figure 16b suggests (2) that penalty-imposed closure constraints may produce estimates that 
exhibit less multiplicative ambiguity. Estimates from the NNLS/Closure routine appear superior 
to the standard implementation of MCR-ALS for compositional data where closure is a reasonable 
assumption. Formal investigation is necessary to understand the relative effect of lesser or greater 
penalties when constraining ALS, challenges where closure is not an appropriate assumption, or 
whether 1-norm may be applied when employing closure constraints. The effect of these different 
modeling parameters will be considered in a future paper. 
 
4.3.1 Modeling Geochemical Data with Mixed Constraints 
 
Modern chemometric solvers (e.g. MATLAB Eigenvector package) are able to relax one 
or more constraints during the optimization procedure described in Section 3.2.4. This chapter 
demonstrates how this flexibility for mixed constraint models might be useful for geochemical 
analyses. In particular, a single unconstrained vector as part of the numerical routine may produce 
significantly better parameter estimates where the goal is to understand mixing between a subset 
of precursors rather than exactly modeling all the precursors.  This approach may address modeling 
situations where some mineral precursors are far more abundant, constituting major mineral 
phases, than the remaining minor accessory precursor minerals.  
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Figure 17. Geometric representation of precursor abundances. 
 
Figure 17 is a geometric representation of the mixing problem in 3-dimensional real space; 
note that mixtures are constrained to the simplex (shaded red in the figure). For geochemical 
systems, contributions mostly consist of a limited number of precursor compositions, with minor 
contributions from other precursors increasing the effective dimensionality of the problem. 
Because higher dimensional problems are more difficult to visualize, model, and constrain, the 
objective of the mixed constraint approach is to find a lower dimensional approximation of the 
problem. In Figure 17, this transformation is the projection of a given mixture p1 onto the line 
segment (also the convex hull) between c1 and c2. This result is the point p2 in two-dimensional 
subspace. There are two plausible ways to solve this problem by MCR-ALS: (1) by solving for a 
reduced number of precursors, i.e c1 and c2, or (2) by solving for the same number of precursors, 
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but changing the closure and non-negativity constraints. In practice, directly solving for fewer 
precursors produces poor parameter estimates due to the unexplained compositional variance from 
the neglected precursors.  
This problem is reformulated by using closure to estimate a subset of the most abundant 
precursors, a deliberate approximation of the real system. This routine is also initialized on a row 
of ones, mean values, or random values for the unknown minor precursor component. The goal of 
the function is to accommodate the compositional offset due to the minor precursor (the dotted 
line-segment between p1 and p2, in Figure 14). Because closure only applies to a subset of the 
precursor contributions, the unconstrained factor will exhibit positive and negative values 
representing major element trends in the minor precursor composition as well as an anti-correlation 
to the remaining elements reflecting mass balance considerations. Consequently, non-negativity 
should not be constrained for this factor. A 2-norm is applied to this factor at each iteration to 
prevent multiplicative scales of ambiguity. The result of this technique is to produce an 
unconstrained factor representing the mean offset from the modeled lower-dimension subspace. 
Mathematically, the objective function is the same as Equation 8 but differs with respect to which 
constraints apply to which precursors or factors. Grouping constrained and unconstrained factors 
together, this equation becomes: X=J7R7+YZ+R. In this equation J7 and R7  correspond to r < n 
number of precursors, while Y and Z correspond to q unconstrained factors.  
To demonstrate this formulation of the MCR problem, the feldspathic, Si-Rich, and Ca-
Rich contribution are modeled using both uniform and mixed constraints. Results from this 
analysis are shown in Figure 18. These are compared to the defined precursor contributions, which 
are 1-normalized for closure. Such a model simplifies compositional trends exhibited by 5 
precursors to a model of 3 precursors. The models are initialized using the compositions defined 
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by the 95th percentile contribution for feldspathic, Si-rich, and Ca-rich described in Section 4.3, 
with a 0.5 penalty applied to closure constraints, and run for 50 iterations. Equality compositions 
are not applied to the model.  
 
 
Figure 18. Evaluation of a mixed-constraint approach. 
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The results in Figure 18a show that mixed constraint model smoothly decreases the RSS 
as it iterates towards convergence, but to a greater extent than the uniformly constrained model. 
Figure 18b shows that the mixed constraints model produces a more accurate estimate for the 
feldspathic contribution than for the uniformly constrained approach. Accuracy is likewise 
improved for the Si-Rich contribution in Figure 18c, though with a slight offset from multiplicative 
ambiguity. The Ca-rich contribution is less accurate than for the uniform constraint approach in 
Figure 18d, though the precision is very nearly the same. Based on these results, the MCR-ALS 
with mixed constraints can simultaneously model major precursor contributions in a way that 
improves visualization of complex mixing trends. Formal analysis is necessary to examine the 
extent to which this approach may be applicable to simplifying other mixing problems, and the 
exact role that the unconstrained factor plays during the optimization process. This analysis will 
be presented in a future paper. 
 
4.4 Conclusions 
 
Spatially resolved compositional data sets are useful for constraining relationships, 
including assessments of the magnitude and mixing of precursors, when evaluating heterogeneous 
glasses formed in energetic events. PCA and cross validation are validated as an objective 
approach for estimating the number of compositionally significant precursors forming a mixture. 
The PC scores form a useful basis from which to understand compositional differences between 
samples, especially when projecting hypothetical precursor compositions onto the PC model. 
These results may be useful when finding compositions suitable for initializing an MCR analysis. 
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Although PCA can extract PC loadings that reflect underlying compositional relationships in the 
precursors, these projections are shown to be ambiguous and overly subject to interpretation. 
Modeling of the synthetic dataset demonstrates that a CLS approach is sensitive to 
inaccuracies in specified precursor chemical composition and number. This sensitivity requires an 
accurate and precise knowledge of precursor compositions (a priori information) incorporated into 
the melt glass. In scenarios such as melt glasses formed from an unknown set of potential source 
materials, however, a pure CLS approach appears unsuitable for estimating precursor 
contributions. 
MCR-ALS, an iterative and constrained variation of the CLS approach, succeeds in 
identifying unrecognized precursor components and is a suitable alternative to CLS approaches 
when the investigator has incomplete knowledge of the starting precursor chemical compositions. 
The NNLS/Closure/Equality constrained MCR-ALS reduces both multiplicative and rotational 
ambiguity in comparison with the historical NNLS/1-Norm approach and is an effective means of 
simultaneously estimating both precursor composition and abundance. This approach is 
particularly suited to glasses from energetic events, where target lithology constitutes a priori 
information. Caution should be used, however, when applying equality constraints to MCR-ALS 
so as not to bias the model towards an inaccurate composition. MCR-ALS is a more flexible 
alternative to CLS when faced with a heterogeneous unmixing problem, where all of the initial 
contributors may not be recognized a priori.  
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CHAPTER 5: APPLYING MULTIVARIATE CURVE RESOLUTION APPROACHES TO 
LITERATURE TRINITITE DATA 
 
5.1 Application to Compositional Analyses of Trinitite Glasses  
5.1.1 Data Analysis and Interpretation by PCA 
 
To demonstrate the combined R-mode PCA and MCR-ALS approach to multivariate analysis 
of fallout glasses, two previously published datasets from the literature were modelled [5, 32]. 
These studies collectively report nearly 1600 electron beam measurements across the surface, or 
transecting the midsection, of eleven polished aerodynamic glasses and four ground glasses (also 
called ‘pancake’ Trinitite) from the Trinity event. Together, these two studies examined two 
different fallout morphologies that may provide evidence for different formation mechanisms (e.g. 
compositions formed by melting and mixing versus condensation). While Bonamici et al., [5] is 
the most comprehensive set of compositional data from Trinity fallout, multiple studies on Trinitite 
ground-glass are available (see Chapter 1). Since PCA/MCR-ALS analyses are sensitive to the 
experimental design, data from studies that had the least experimental bias in the sampling 
approach were chosen. The Donohue et al., [32] study because the authors sampled at regularly 
spaced spot transects on different sections of four different glasses. To ensure consistency between 
both datasets, only the major earth elements are included in the analysis. Both studies focused on 
targeted areas of interest in the glasses, and generally avoided Si-rich regions, which contribute to 
an experimental sampling bias to the dataset. Thus, the results may not be wholly representative 
of the full extent of compositional heterogeneity. 
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Figure 19. PCA Results from analyses of Trinitite data in the literature. 
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outliers. In total, only two data points of 1597 were identified as compositional outliers and 
removed. These datasets were then concatenated to create a matrix for the statistical approaches. 
Where necessary, oxide concentrations were converted to element concentration for consistency. 
Mn was removed from the Donohue, Simonetti [32] set for consistency with the Bonamici, 
Kinman [5] dataset. Each measurement reported by Bonamici, Kinman [5] was categorized as 
belonging to one of three possible domains: alkali, silica, and Ca-Fe-Mg depending on criteria 
described in their paper. Donohue, Simonetti [32] does not use an equivalent classification, and so 
constitutes its own category. The composite data were pretreated by applying mean-centering and 
data standardization as described in Section 3.2.3. A PCA was calculated from the data matrix, 
with the results plotted in Figure 19. On the screeplot (Figure 19a), inflection points at PC 3 and 
PC 5 suggest that between 4 and 6 precursors, are compositionally significant. This estimate is 
consistent with an interpretation of cross-validation results (Figure 19b) where RMSECV shows 
three inflection points at PC 2, PC 4 and PC 6. The minor PC’s, PC5 and PC6, are not good 
estimates of the chemical rank of the dataset because the relative difference between RMSECV 
and RMSEC greatly exceeds two. Instead, the region between PC 2 and PC 4 is identified as 
compositionally significant. PC 2, 3, and 4 explain either 71.62%, 82.29%, or 89.90% of the 
cumulative variation, respectively, and suggest that between 3 and 5 precursors adequately explain 
compositional heterogeneity in the resultant melt glasses. 
Loadings from PC 1 versus PC 2 (Figure 19c) show three distinct compositional trends, a 
Si-group, a Na-K-Al group, and a Ca-Mg-Fe-Ti group. These two PC’s explain most of the 
compositional variation of the dataset at 47.54% and 24.08%, respectively. Hypothetical precursor 
compositions, namely those derived or identified in literature, include K-feldspar and Na-rich 
feldspar compositions from [5] and actinolite, calcite, and quartz compositions described in [33]. 
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These potential precursor compositions were projected onto the PCA model to aid interpretation. 
Comparison of loadings with the associated scores plot (Figure 19d) helps identify the associated 
precursor compositions that define the observed major element correlations. On this basis, 
anticorrelation of Si with the other elements is consistent with mixing of relict quartz with the bulk 
melt, Na-K-Al correlation is consistent with both K and Na rich feldspar compositions, and the 
Ca-Fe-Mg-Ti correlation appears to be consistent with calcic and mafic constituents such as calcite 
and actinolite, respectively.  
The scores plot shows that most of the compositions lay within the convex hull defined by 
these precursor compositions, with a conservative interpretation that most compositional variation 
may be explained from mixing of the proposed precursors. The distribution appears to be 
multimodal, exhibiting clusters of the different glass domains identified in the literature, and is 
skewed along or oblique to the PC axes. Two of three glass domains exhibit high scores along PC 
1 and/or PC 2, consistent with a precursor composition: the alkali domain (black) exhibit 
feldspathic compositions, while the Si-rich domain (blue) are largely relict quartz. The Ca-Fe-Mg 
domain (green), in contrast, reflects a composite mixture of multiple precursors. This domain also 
shows a distinct trend in the direction of the Al-rich loading, exterior to the convex hull. Thus, the 
hypothesized precursor compositions presented in the literature may not be accurate for explaining 
some of the observed heterogeneity. Interestingly, compositions measured by Bonamici et al. [5] 
appears to span the same space as the Donohue et al. [32] measurements (light blue; Fig. 7), though 
without the prominent trend towards an Al-rich composition. This similarity suggests that the 
aerodynamic glasses characterized by Bonamici et. al. [5] generally reflect the same major element 
chemistry as the ground glasses characterized by Donohue et al. [32]. 
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Loadings from PC 3 versus PC 4 (Figure 19e) shows four distinct patterns: variation of K, 
variation of Na, correlation of Ca-Al, and clustering between Fe-Mg-Si. Titanium appears to be 
weakly correlated with the Fe-Mg-Si group as well. These two PC’s explain 10.67% and 7.61% 
of the variance, respectively. Based on an analysis of the associated PC scores (Figure 19f), these 
principal components mainly discriminate between K-rich feldspathic compositions and Na-rich 
compositions along PC 3. Likewise, variation along PC 4 discriminates between Ca-Al rich 
compositions and those enriched in Fe-Mg-Si. The compositional significance of these two 
observations are unclear, although the correlation between Ca-Al may suggest a clay-like 
composition observed nearby the site by Neal, Smith [23], while the Fe-Mg-Si relationship may 
reflect the amphibole or hornblende compositions observed by the same study. Most measurements 
lay within the convex hull, suggesting that these compositions may be accounted for by mixing of 
the proposed precursor compositions. Measurements that lay outside the convex hull consist 
primarily of alkali glass domains. Again, the Donohue, Simonetti [32] measurements span the 
same general compositional space as those from the Ca-Fe-Mg glass reported by Bonamici, 
Kinman [5], suggesting that the ground-glass and aerodynamic morphologies share similar major 
element chemistry and mixing histories. Whether the minor observed Ca/Al-rich trend along PC 4 
in the Ca-Fe-Mg domain represents compositional outliers or possible systematic trends 
differentiating the two morphologies is unknown given the differing sampling approaches/biases 
of the two studies. 
PCA forms a basis set for interpreting compositional variation exhibited by measurements 
made on Trinitite. Interpretation of the PC loadings confirms the three general compositional 
trends previously noted in the literature: namely variation reflecting an underlying alkali-rich 
feldspathic precursor, mixing from a Si-rich precursor, and a strong correlation between Ca, Fe, 
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Mg, and Ti major elements. By examining the minor PC’s, variation reflecting a Ca-Al rich and 
Fe-Mg-Si rich source compositions may be extracted. Such trends are generally in agreement with 
previously proposed soil precursors in the literature, as most of the scores lay within the 
hypothesized convex hull. By comparing the results from these two studies, one may observe that 
the aerodynamic samples analyzed in the Bonamici et al. [5] study show markedly similar 
compositional relationships to measurements of ground-glass by Donohue et al. [32], suggesting 
similarity in the composition of the starting material and mixing histories of these two fallout 
morphologies. This information is used to construct an MCR-ALS model to refine and develop 
these observations into a quantitative estimate of precursor contribution and composition. 
 
5.1.2 Data Analysis and Interpretation by MCR-ALS 
 
Here, the MCR-ALS approach (see Section 3.2.4) is applied, consisting of NNLS, equality, 
and closure constraints to the datasets from literature. In contrast to R-mode PCA (Section 3.2.3), 
no pretreatment routine was applied to the data to emphasize the overall magnitude of variation 
for a given major element. K and Na-rich feldspars form a natural solid solution; therefore, the 
alkali metals were summed to the total alkali concentration (K+Na wt%). The total alkali variable 
better models the mean feldspar mixing relationships by de-emphasizing the heterogeneity 
between feldspars. Based on the above PCA, and subsequent interpretation of scores and loadings, 
three precursor compositions were chosen for the model, where one precursor is a likely composite 
of minor accessory minerals or less abundant sources. The MCR-ALS routine was initialized on a 
mean feldspar composition, derived from the average composition of all reported alkali glass 
domains in Bonamici, Kinman [5], a Ca-rich composition reflecting the mean of points nearest to 
calcite along PC 2 (see Figure 19b), and SiO2, defined stoichiometrically. Equality weighted 
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compositions were the same as initialized compositions, except for calcium oxide in place of the 
Ca-rich composition. Equality weighted compositions were given weights of 1, 0.3, and 1 
respectively, which reflect the relative certainty of the respective precursor composition. A closure 
penalty of 0.1 was applied as previously described in Section 3.2.4. Mixed constraints were used 
during optimization, and the routine was run for 100 iterations to produce the final composition 
and contribution estimates.   
 
 
Figure 20. MCR-ALS Composition estimates from analysis of data in the literature. 
 
Table 7. MCR-ALS composition estimates from literature measurements 
                 
 Al Ca Fe K + Na Mg Si Ti SUM* 
Feldspathic 10.67% 0.00% 0.53% 13.14% 0.15% 28.74% 0.07% 98.7% 
Ca-Rich 4.75% 21.72% 4.21% 1.40% 1.39% 22.46% 0.52% 97.8% 
Si-Rich 0.00% 0.00% 0.91% 0.00% 0.22% 46.37% 0.07% 100.9% 
 *Sum total assuming major element oxide and weighted K/Na mol. mass 
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The MCR-ALS model converges to the composition estimates shown in Figure 20. Overall, 
MCR-ALS explained 99.86% of the compositional variation exhibited by the data. The three 
precursor compositions thus constrained may be described as feldspathic, Ca-rich, and Si-rich in 
composition (Figure 20 a-c, respectively). The final compositions, denoted by the red line, differ 
minimally from initialized compositions, as shown by the blue dashed line. This observation 
suggests that the initialized compositions are not diluted by other compositions in the melt and 
reflect nearly pure precursor compositions. Two of these precursors, the feldspathic and Si-rich 
compositions, show elemental concentrations consistent with feldspar or quartz compositions 
previously identified at the Trinity site [8]. The Ca-rich composition, however, does not have a 
clear geologic analog. Instead, the Ca-rich composition shows an enrichment in Ca, Fe, and Mg 
relative to the other modeled compositions, with lower Al and total alkali concentrations than the 
feldspathic domain (Figure 20 and Table 7). The relationship between Ca, Fe, and Mg is consistent 
with correlations derived by PCA. One possible explanation in the literature is that Ca, Fe, and Mg 
reflect a refractory condensation component added to these melts [5]. This explanation does not 
adequately explain the abundance of Si in this precursor composition, however, which would be 
expected to be lost at high temperatures [75]. Instead, Q-residuals show that the Ca, Mg, and Fe 
constituents are poorly modelled compared to the other elements, reflecting inherent compositional 
variability in the Ca-rich precursor composition. An alternative explanation for this pattern of 
variation is that the Ca-rich composition is a well-mixed collection of environmental compositions 
at the site prior to the nuclear explosion (e.g., calcite, amphiboles, and/or anthropogenic sources).  
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Figure 21. Ternary diagram of estimated precursor contributions for Trinitite. 
 
A ternary plot of the three estimated contributions shows that the compositional domains, 
such as alkali (black), Si-Rich (blue), and Ca-Mg-Fe glasses (green), establish well distinguished 
clusters within the composition space (Figure 21). The alkali domain shows an overall pattern of 
variation between the hypothetical feldspathic composition and quartz. This trend is likely caused 
by the natural Na and K variability of the feldspars as identified in the literature. The Si-rich 
domain shows a similar trend towards the Ca-Fe-Mg glass, likely capturing the mixing of this 
precursor with the bulk composition of the melt. In contrast to alkali and Si-rich glasses, the Ca-
Mg-Fe domain forms a dispersed distribution reflecting mixing from all three precursor 
compositions. This distribution is skewed towards the Ca-rich precursor, suggesting that the 
precursor is not well represented volumetrically in the bulk of the Ca-Fe-Mg domain glass. Again, 
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the compositional span exhibited by the Donohue et al. [32] dataset overlaps with the Bonamici et 
al. [5] dataset, suggesting that the two sample sets exhibit similar ranges of compositional 
heterogeneity and similar origin and mixing histories. Slight differences are likely due to the 
greater number of measurements and differing sampling procedures of the two studies.  
The identified Ca-Fe-Mg glass domain accounts for the volumetric bulk of compositions 
reported in the aerodynamic morphology. Bonamici et al. [5] argues that this domain is a primary 
condensate from vaporization and subsequent condensation of environmental and anthropogenic 
compositions. Because of the chemical similarity of aerodynamic and ground glass morphologies, 
the Bonamici model implies that both aerodynamic and ground-glass fallout originate as 
condensed vapor. In contrast, Donohue et al. [32] argues that compositional heterogeneity 
originates mainly from mixing of soil constituents, which is a conclusion closer in agreement to 
the general literature consensus. The plausibility of this model may be evaluated by considering 
the amount of heat and physical mechanisms necessary to create the large sheet of ground-glass 
covering the crater in the immediate vicinity of ground zero. It has been established from historical 
surveys of the Trinity crater that the explosion formed some 1.7 × 10x kg of Trinitite glass [9], 
this mass of material would require both a large amount of heat and efficient coupling of the heat 
with the surrounding lithology in order to completely vaporize. A lower bounding estimate of the 
heat required could be made by multiplying this mass by the latent heat of evaporation for a 
silicate-like material, while neglecting complex dynamics such as heat transfer across a boundary 
layer in the presence of melting and ablation. Using 10 kJ/g as the latent heat of evaporation, an 
approximate value used by Bethe et al. [76], some 1.7 × 10qykJ of heat are necessary, 
corresponding to 20% of the output from the device based on a 20kt yield [77]. Such a value is 
comparable to the entire radiated output of a near surface low yield explosion 35%, and 
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inconsistent with current models for energy partitioning during near surface nuclear explosions 
[1]. Further, vaporized environmental or anthropogenic products would initially be co-located with 
the rising fireball. As the hot gases are buoyant and rise rapidly, the subsequent condensation of 
this mixed vapor should “rain out” from a great height in accordance with the Strickfaden model 
[38]. Recent autoradiography measurements by [16] and [20] show vertical segregation of activity 
in ground glass, suggesting that a “rain out” mechanism can only account for the upper surface of 
the ground-glass. Overall, these lines of evidence suggest that neither aerodynamic nor ground 
glass fallout originated as primary condensates, though some domains within these glasses may 
preserve greater contributions from the condensing bomb-vapor source term. Based on these 
results, only a minor component of fallout is from a vapor condensate. 
Multivariate analyses of spatially resolved compositional datasets establish a quantitative 
estimate for the magnitude a Ca-rich precursor contribution to the activity-rich Ca-Fe-Mg glass 
domain observed in fallout from Trinity. The presence of a Ca-rich composition alone does not 
provide conclusive evidence for primary condensation processes as suggested by Bonamici et al. 
[5] because other soil constituents may exhibit similar compositions that convolute the 
contribution estimate (e.g., Ca from calcite, or Ca-Al rich clay groups). The data modeling 
approach instead establishes an upper-bound on the contribution of a vapor condensate to these 
glasses. Applying the thermodynamic analysis described above to the results for the Bonamici et. 
a. [32] dataset, one may estimate that 4.8 × 10{kJ or 5.7% of the yield was necessary to vaporize 
the material constituting the Ca-rich precursor composition. The true contribution of vaporized 
material to Donohue’s samples may overestimated due to Donohue’s avoidance of Si-rich glassy 
domains, which biases the modeled contribution to appear more Si-poor. These results emphasize 
a need to report uniform sampling data, representative of the compositional heterogeneity in the 
 
 
93 
aerodynamic or ground-glass morphologies, to arrive at the most objective conclusions informing 
fallout formation mechanisms.  
 
5.2 Conclusion 
 
The utility of a constrained MCR-ALS approach to constraining the number of initial 
precursors, their contribution, and their composition in glassy debris formed by energetic events 
was demonstrated by applying multivariate approaches to two sets of compositional data from 
Trinity aerodynamic fallout and ground glass. This analysis resulted in identification of three 
compositional precursors: feldspathic, Si-rich, and Ca-rich compositions. Analysis of the end-
member contributions shows that the Ca-Fe-Mg domain examined in aerodynamic Trinitite by 
Bonamici et al. [5] spans the same compositional space as that reported in analyses of Trinitite 
ground glass by Donohue et al. [32]. One may conclude that the reported compositions for these 
two sets of materials cannot constitute primary condensates, alone. Instead an upper bound for the 
contribution of primary condensates to the resultant glasses is established, with a corresponding 
estimate of the energy necessary to vaporize this mass of material.  
Analyses of spatially resolved data sets can assist with distinguishing characteristics of the 
starting materials, particularly when compositional heterogeneities have been preserved. 
Multivariate methods such as PCA, CLS, and MCR-ALS provide an objective basis for 
understanding the relationships and mixing processes preserved in such datasets and may be used 
to define the magnitude and role of precursor contributions. An additional benefit of multivariate 
approaches is that they may be applied to major element compositional data, which can be obtained 
using rapid, widely available, and spatially-resolved measurement techniques such as SEM-EDS 
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or EPMA to define the precursor material compositions as opposed to trace element analyses that 
require more specialized LA-ICP-MS or SIMS techniques. Conversely, multivariate techniques 
may form the basis for guiding targeted analyses of specific compositions using these specialized 
techniques. An MCR-ALS approach, using weighted closure and equality constraints, has not 
previously been applied to compositional data reflecting mixing in geochemical systems. This 
approach provides the best model of precursor abundances, compositions, and contributions when 
source materials are unknown but some a priori knowledge is available. This work validated and 
demonstrated the constrained MCR-ALS approach using a synthetic data set in the previous 
chapter, as well as recent measurements of Trinitite glasses. Development and evaluation of this 
multivariate approach to deconvolve compositional relationships in energetic melt glasses is 
motivated by observations of chemical heterogeneity in fallout glass from the Trinity nuclear 
explosion but is also generally applicable to analogous geologic mixing problems including impact 
breccia, ejecta, and tektite glasses.  
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CHAPTER 6: COMPOSITIONAL AND RADIOACTIVE HETEROGENEITY IN 
FALLOUT FROM TRINITY 
6.1 Introduction 
  
 Heterogeneity in fallout originates either from environmental sources involved with the 
nuclear explosion, or the physical and chemical processes occurring during it. Understanding the 
contribution from each source and each process is necessary to achieving an understanding the 
physiochemical processes controlling deposition, incorporation, and distribution of radiation in 
these materials. This chapter presents the analytical results from optical and electron microscopy 
of these glassy materials, in conjunction with compositional and radiometric techniques in order 
to establish the basic relationships, trends, and subpopulations in fallout glasses. This variation is 
discussed with respect to the anthropogenic and environmental source material that establish the 
basis for interpreting these materials.  
 
 
6.2 Optical Heterogeneity in Trinity Soils and Fallout 
 
The majority of glassy fallout material from near-surface nuclear explosions is thought to 
originate from soils proximate to the nuclear explosive [10]. Thus, characterizing soil composition 
is important to understanding heterogeneity in fallout glass. 
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Figure 22. Optical and backscatter electron micrograph of Trinity site soil grains. 
 
Table 8. Compositions of some common mineral phases 
Mineral Formula 
Microcline/Orthoclase KAlSi3O8 
Albite NaAlSi3O8 
Oligoclase Na0.8Ca0.2Al1.2Si2.8O8 
Andesine Na0.7-0.5Ca0.3-0.5Al1.3Si2.7-2.5O8 
Anorthite CaAl2Si2O8 
Quartz SiO2 
Calcite CaCO3 
Ilmenite FeTiO3 
Actinolite Ca2(Mg,Fe2+)5Si8O22(OH)2 
Hornblende Ca2[(Fe2+,Mg)4Al](Si7Al)O22(OH)2 
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Table 9. Compositional analyses of soil mineral grains 
Mineral Phase Al Ca Fe K Mg Na Si Ti n 
Alk. Mean 9.9% <D.L < D.L 10.5% 0.1% 1.0% 29.3% <D.L 
12 
+/- std error 0.1% N/A N/A 0.5% 0.0% 0.3% 0.2% N/A 
Plag. Mean 11.6% 1.8% <D.L 0.2% 0.1% 7.6% 30.0% <D.L 
23 
+/- std error 0.3% 0.4% N/A 0.0% 0.0% 0.2% 0.3% N/A 
Amph. Mean 9.8% 9.0% 9.6% 2.4% 5.5% 0.7% 18.9% 1.0% 
3 
+/- std error 1.7% 5.2% 2.2% 2.3% 2.7% 0.6% 0.4% 0.5% 
Quartz Mean 0.7% < D.L < D.L 0.2% < D.L 0.1% 45.8% <D.L 
20 
+/- std error 0.2% N/A N/A 0.1% N/A 0.1% 0.6% N/A 
Coarse Soil 5.4% 4.5% 1.7% 2.5% 0.7% 1.1% 35.2% 0.2% 1 
+/- 1 sigma 0.11% 0.11% 0.05% 0.05% 0.03% 0.04% 0.18% 0.004%  
Fines Soil 4.9% 8.8% 0.4% 3.6% 0.5% 1.4% 33.1% 0.04% 1 
+/- 1 sigma 0.10% 0.21% 0.01% 0.07% 0.02% 0.04% 0.25% 0.002%  
 
Trinity soil comprises a heterogeneous collection of irregularly shaped grains ranging in 
size from approximately 0.1 to 2 mm (Figure 22). Some common mineral phases in sediments are 
shown in Table 8. Angular, optically translucent grains are generally quartz, while optically pink-
hued grains are K-feldspars. These grains are observed in association as granitic clasts, which is 
consistent with arkosic sediment in the Tularosa basis [23]. By SEM-EDS, alkali feldspars 
(microcline or orthoclase) and plagioclase compositions (albite, oglioclase, and andesine) occur in 
a ratio of ~1:2. Also identified were amphibolite, calcic, and Fe-Mg-Mn enriched phases. Finer 
soil size fractions (approximately 25-50  m in average dimension) included an abundance of small 
lithic clasts. These clasts tend to be porous and include a combination of clay and calcite. Due to 
the porous, rough, and irregular texture of these particular phases, a good estimate of major element 
abundances was not possible. Nonetheless, strong K| transition energies for Ca and observed 
decomposition suggest these minerals are calcium carbonate, consistent with surveys of the local 
geology [23]. Table 8 summarizes major element SEM-EDS analyses of soil grains. The optical 
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observations are generally consistent with descriptions of adhered soil on the underside of trinitite 
ground glass as discussed by Bellucci et al., [31]. 
 
6.3 Physical Characteristics: The Size and Shape of Glassy Fallout 
 
 Glassy fallout exhibits a wide variety of sizes and shapes. These characteristics are 
important to consider as they may tend to exaggerate or diminish the importance of diffusive-
convective phenomena leading to deposition, incorporation, and mixing of vapor into fallout.  
 
Table 10. Physical dimensions of aerodynamic and ground-glass fallout  
Sample Major/Minor (mm) Class Sample 
Major/Minor 
Axis Class 
T11 1.818 Aerodynamic T18 1.886 Aerodynamic 
T12 1.570x1.466 Aerodynamic T19 2.007x1.759 Aerodynamic 
T13 2.049x1.665 Aerodynamic WS1 3.006 Aerodynamic 
T14 1.897x1.873 Aerodynamic WS2 2.234x2.108 Aerodynamic 
T15 1.938 Aerodynamic GG1 9.270x6.161 Ground Glass 
T16 1.665 Aerodynamic GG2 11.689x7.077 Ground Glass 
T17 2.003 Aerodynamic GG3 16.135x5.658 Ground Glass 
 
Symmetric fallout, which are termed aerodynamic, are clearly subject to greater 
aerodynamic forces during formation leading to spherical or ellipsoidal shapes versus the irregular 
ground-glass. Notably, fallout glasses are similar in size (1.65-2.05mm) to observed soil grains 
(0.1-2mm), which is consistent with the historical hypothesis that these glasses originate from the 
soil. In the sample set, the aerodynamic glasses differ greatly in size from ground-glass. Table 10 
presents the major and minor axis fallout dimensions, estimated from BSE electron micrographs 
of the polished sample midsections. This dimensional difference leads, presumably, to more 
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efficient mixing of vaporized material into the smaller aerodynamic samples as compared to larger 
ground-glass.  
 
 
6.4 Radioactivity in Trinity Fallout 
 
The fuel and end-products of nuclear fission, actinides and fission products, are mostly a 
signature of the vapor state because they are initially present as an ionized plasma in the early 
stages of the nuclear explosion [21]. As such, these provide evidence that distinguishes the degree 
to which aerodynamic versus ground-glass morphologies interact with the fireball. Likewise, 
certain environment-derived radioisotopes establish a record of the soil precursor, which are 
initially solid before interacting with the fireball. Non-destructive gamma spectroscopy was 
performed on 19 aerodynamic fallout samples and 3 ground-glasses. The identified environmental 
radionuclides included: 234Th, 214Bi, 214Pb, and 212Pb, all present from the decay of natural 238U 
and 232Th from the emplacement environment, as well as 152Eu activation product from the soil. 
The isotope 235U was also observed and can be attributed to contributions from either the soil and 
emplacement environment or to the device. The identified anthropogenic sources in the 
aerodynamic and ground-glass fallout samples include 241Am, 137Cs, and 133Ba. The isotope 241Am 
is a daughter of 241Pu and is representative of the Trinity fuel. The isotope 137Cs is a fission product 
typical of a nuclear explosion. Both 133Ba and 152Eu are activation products from neutron capture. 
The isotope 133Ba is associated with the device in literature [19], while 152Eu is an environmental 
neutron activation product from 151Eu. A representative spectrum from one of the aerodynamic 
fallout samples is shown in Figure 23. Peak location and identities are labeled. All measured 
spectra are included in the appendix D in addition to abundance determinations in Table 25. 
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Figure 23. Representative raw gamma spectrum taken from sample T1. 
 
Table 11. Comparison 241Am and 137Cs specific activities to Trinitite literature 
Sample Class 241Am (Bq/Kg) 137Cs (Bq/Kg) 241Pu (Bq/Kg) 
Aerodynamic 
glasses 
1.1E+05 +/- 7.1E+04 
(3.0E+05, 1.3E+04) 
3.0E+06 +/- 2.3E+06 
(1.8E+06, 8.9E+04) 
3.9E+06 +/- 2.4E+06 
(4.0E+05, 1.0E+06) 
Ground-Glasses 1.9E+03 +/- 1.6E+03 (3.7E+03, 6.9E+02) 
3.7E+04 +/- 3.2E+04 
(7.4E4, 1.6E4) 
6.3E+04 +/- 5.5E+04 
(1.3E+05, 2.3E+04) 
Pittauerova et al.1 
(1999) 
1.9E+03 
(4.5E+03, 7.4E+02) 
4.83E+04 
(8.1E+04, 1.6E+04) 
6.4+04 
(1.5E+05, 2.5E+04) 
Schlauf et al.2 
(1997) 2.9E+03 9.0E+04 1.00E+05 
Parekh et al.3 
(2006) 1.8E+03, 4.1E+03 2.7E+04, 1.2E+05 6.3E+04, 1.4E+05 
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Spectral analysis was focused on 241Am and 137Cs since these species are most 
representative of remnant fuel, soil activation, and volatile fission products. These species also 
contribute the most to overall sample activity and are the only isotopes that could be quantitatively 
assessed in these samples by gamma spectrometry with count times less than 24 hours. The 
reported specific activity average values for 241Am and 137Cs are decay corrected to 1945 (Table 
11). Because 241Am is the product of 241Pu decay, the quantity of 241Pu immediately after the 
nuclear explosion is also shown. For 137Cs, Equation 17 was solved for initial activity A0, utilizing 
t=69 years since the Trinity explosion, current measured activity A, and half-life t1/2 = 30.17 years: 
 }(0) = ~()ÄÅÇ∙É     (17) 
Where: ÑÖ = ln	(2) gq/Ná     (18) 
 
241Pu was calculated from 241Am ingrowth utilizing the solution for parent-daughter decay 
relationship: }q(0) = ~à()ÅÇÅàâÅÇäÄâÅÇ∙É3ÄâÅà∙Éã    (19) 
 
In this equation Ñq is the decay constant for the parent 241Pu, while ÑN is the decay constant for 
241Am. The solution relates parent activity at t=0, A1(0), to current daughter activity A2(t).  
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The salient feature of these gamma spectrometry analyses is that aerodynamic fallout is 
enriched in remnant fuel and fission products by two to three orders of magnitude relative to the 
ground-glass samples. This observation was examined using Student’s T-test [78] for 241Am and 
137Cs values, which assumes that activity is normally distributed throughout the sample set. In both 
cases, the null hypothesis was rejected, with p = 1.0	 × 103x for 241Am and p = 1.3	 × 103ç  for 
137Cs (p<0.05 is significant). The results for both radioisotope concentrations in ground-glass are 
consistent with literature values, while the aerodynamic samples appear enriched by comparison. 
 
 
Figure 24. Autoradiographs of eleven aerodynamic and three trinitite ground-glasses. 
 
If gamma spectroscopy shows the degree of fireball interaction in an individual sample, 
autoradiography shows the spatial distribution of activity within a sample that are specific to 
individual formation histories (e.g surficial versus volumetric [3, 10]). The aerodynamic and 
trinitite ground glass fallout are distinguished from one another by their distributions of 
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radioactivity as revealed by autoradiography. Trinitite ground glass activity distributions are 
enriched in localized regions, situated on the upper surface of the sample (see GG1, GG2, and 
GG3; Figure 24). These regions may be quasi-uniform, as in GG1, or heterogeneously clustered 
in multiple subdomains, as in GG2 and GG3. Activity is always enriched at the surface and 
depleted along the bottom of the sample, consistent with previous observations (e.g., Ross et al., 
[8], Staritzky et al., [9], Fahey et al., [20], Bellucci et al., [24], Parekh et al.,[18]). This general 
trend in activity distribution from top surfaces to basal surfaces reflects a transition from molten 
actinide bearing glass to fused soil. This distribution from glass to soil has been hypothesized to 
result from a brief “rain out” of lofted molten material during the initial stages of cloud rise above 
the flash-heated, near-field soils (see Belloni et al., [16] and Strickfaden, [38] for details).  
In contrast, glassy aerodynamic fallout from the Trinity event contains activity throughout 
most of the volume of the sample. Heterogeneous activity distributions within each aerodynamic 
sample manifest as differing degrees of enrichment along the periphery of the sample or in 
localized regions (e.g., T13 and WS2). In some aerodynamic glasses, the distribution of activity is 
nearly uniform1. Overall, both heterogenous and homogenous distribution patterns resemble those 
reported by Adams et al. [10], but additional complexities exist. Examples include the deposition 
of activity in the outermost layers of T12, and the non-uniform enrichment of activity along part 
of the periphery of WS1. It is important to note that modern autoradiographic analyses primarily 
highlight long-lived actinide components in the glass as opposed to the short-lived fission products 
that were the predominant source of radioactivity at the time of historic analyses. One year after 
detonation, most beta and gamma activity was from 95Nb (t1/2 = 34.9 days), 95Zr (t1/2 = 64.0 days), 
and 106Ru (371.8 days) for debris with unfractionated fission debris [1]. By comparison, today 
                                               
1 Within the limits of resolution of the technique, ~50 microns, see Parsons-Davis et al., 2018. 
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most of the gamma and/or beta activity in the samples are from 241Am (t1/2 = 432.6 y), 137Cs, and 
90Sr (t1/2 = 30.08 y) decay series, while most of the alpha activity is from 239Pu (t1/2 = 24,110 y), 
240Pu (t1/2 = 6500 y), and 241Am (t1/2 = 432.2 y). This difference in radioactive species may partially 
explain why more complex activity distributions in are observed in these samples compared to 
historic autoradiography images. 
 
 
Figure 25. Optical images of the   Trinity ground glasses (‘trinitite’). 
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Figure 26. Optical images of eleven polished aerodynamic Trinity glasses. 
 
Autoradiography and optical images provide visual evidence for different categories of 
glass, using relative heterogeneity as a basis for comparison between samples. Far from arbitrary, 
these different scales suggest possible physical or chemical differences in formation histories 
creating at least two different populations of aerodynamic glass. Each aerodynamic sample was 
classified as ‘homogenous’ or ‘heterogeneous’ on the basis of (1) the optical transparency or 
opacity of the sample, related to relative abundance of fractures, inclusions, and void spaces, and 
T19 
T11 T12 T13 
T14 
T18 
T15 T16 
T17 
WS1 WS2 
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(2) the degree to which activity is enriched or depleted relative to the sample bulk in subdomains. 
Optical images of ground-glass and aerodynamic samples are shown in Figure 25 and Figure 26, 
respectively. For example, sample WS1 is largely transparent by optical microscopy, exhibits no 
void space, and shows a quasi-uniform distribution of activity throughout the interior (Figure 24), 
so it is classified as a homogenous sample. By contrast, sample WS2 shows textural complexity 
throughout the interior by optical microscopy and shows large subdomains within the sample 
exhibiting relative depletion in activity. This sample is correspondingly classified as 
heterogeneous. Overall, four of the eleven aerodynamic samples are classified as homogeneous 
(T11, T15, T16, T18, and WS1) and six are classified as heterogeneous (T12, T13, T14, T17, T19, 
and WS2).  
 
Table 12. Sample mean, standard deviation, and minimum / maximum counts per pixel  
Sample Mean Standard Deviation Min Max Class 
T11 4.55´103 51 2.02´103 6.22´103 Homogenous 
T12 3.90´103 20 2.03´103 6.69´103 Heterogeneous 
T13 4.63E´103 40 2.22´103 9.53´103 Heterogeneous 
T14 6.99´103 38 4.34´103 9.59´103 Heterogeneous 
T15 9.27´103 72 5.45´103 1.15´104 Homogenous 
T16 7.68´103 6 4.56´103 1.02´104 Homogenous 
T17 8.52´103 21 5.84´103 1.14´104 Heterogeneous 
T18 8.88´103 72 5.11´103 1.34´104 Homogenous 
T19 5.69´103 42 3.89´103 8.32´104 Heterogeneous 
WS1 1.02´104     58 7.55´103 1.51´104 Homogenous 
WS2 9.01´103 6 5.56´103 1.65´104 Heterogeneous 
GG1 6.93´102 67 0 3.43´103 Ground Glass 
GG2 5.38´102 25 0 4.40´103 Ground Glass 
GG3 3.73´102 40 0 4.91´103 Ground Glass 
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While gamma spectroscopy suggested that different fallout morphologies interact with the 
fireball in different ways, the next question was whether the compositional texture, homogenous 
or heterogenous appearances, are also correlated to the total radioactivity. To examine this, the 
mean activity per pixel and relative standard of both homogenous and heterogenous samples were 
calculated and compared. This calculation entailed tracing a boundary around the periphery of the 
sample autoradiograph in triplicate to establish a region of interest, integrating the total number of 
counts within this region, and dividing by the total number of pixels. By calculating these 
parameters normalized with respect to pixels, the different exposed surface areas are normalized 
out and permit direct comparison. The results of this analysis show that the homogenous samples 
do not differ significantly, at 8089 ± 2182 counts per pixel, from those classified as heterogeneous 
(6452 ± 2073 counts per pixel). The mean relative standard deviation (RSD) of the homogenous 
samples is approximately 10%, calculated from the individual standard deviations of each sample 
autoradiography, which is a factor of two lower than the RSD for the heterogeneous sample set 
(~18%). These results suggest that the mechanisms of activity deposition in homogenous samples 
did not lead to gross differences in total activity compared to heterogeneous samples, although the 
mechanism of activity dispersion remains distinct. 
The trinitite ground glasses are strongly heterogeneous based on this criterion, but are 
considered a separate class, due to their distinct morphologies. Trinitite preserves a heterogeneous 
distribution of activity (RSD of 83%). To illustrate the relative activity differences between 
aerodynamic fallout and trinitite ground glasses, the summary statistics were calculated for the 
number of counts per pixel across the surface of the individual samples (Table 12). The mean and 
standard deviation of counts per pixel is 7196 ± 2188 in aerodynamic samples compared with 513 
± 157 for the ground glass samples, showing substantial enrichment in the aerodynamic samples. 
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The ratio of these mean values, 12.5, exceeds the ratio between maximum and minimum sample 
mean values for individual aerodynamic fallout or ground glass samples 2.6 and 1.8 times, 
respectively. This order of magnitude difference in the relative activity of these different types 
samples agrees with the results from gamma spectroscopy and constitutes strong evidence the two 
morphologies experienced different formation conditions as previously discussed. 
 
6.5 Compositional Textures in Fallout 
 
The classification of the aerodynamic fallout samples as ‘homogenous’ or ‘heterogeneous’ 
by optical microscopy and autoradiography continues to hold even after samples observation by 
backscatter electron microscopy, shown in Figure 27. For homogenous aerodynamic samples, the 
majority of the sample is compositionally uniform, with only a few small, dark, low-Z inclusions 
or thin, bright high-Z bands that are consistent with [17]. Low-Z subdomains have been previously 
explained in literature as partially melted or relict quartz grains [8]. These low-Z regions are often 
situated near the surface of the homogenous spherules, such as in samples T11, T16, and WS1, 
T15, and T18, where some inclusions appear more diffuse and occur in the interior of the samples. 
Low-Z features are much more prevalent within the interior in heterogenous and ground-glasses, 
such as T12, T14, and T17. In the ground glass materials, the low-Z inclusions are similar in size 
and appearance to quartz grains in the soil (Figure 22a). In contrast to aerodynamic samples, these 
are distributed uniformly throughout the midsection of the ground glasses, with a greater 
abundance along the basal layer.  
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Figure 27. Backscatter electron micrographs of the fallout sample set in cross section 
 
The presence of thin, high-Z bands within aerodynamic glasses have been reported by Eby 
et al. [17]. Weisz et al. [18] interpreted some high-Z bands as a deposition layer from a vaporized 
component in a uranium-fueled test. Here, high-Z bands are often situated along the periphery of 
the homogenous samples, such as in T11, T15, T16, and WS1, but are also abundant in the interior 
of T18. The high-Z bands appear more diffuse than the low-Z textures and are often found at the 
junction of compositionally distinct subdomains in the heterogenous samples. This pattern is best 
illustrated by sample T16, which features compositionally distinct regions of lighter-Z material on 
the upper right and lower right sides outlined by high-Z stria. Subdomains are also observed, 
enriched in high-Z material. In WS2, this composition is observed in the small attached spherule, 
which suggests that this melt parcel collided and agglomerated to the larger body. In T19, quasi-
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spherical subdomains are observed within the sample, but near the periphery. This location and 
orientation suggest a collision, agglomeration, and subsuming of small melt parcels. 
 
6.6 General Chemical Relationships in Near-Field Trinity Soil and Fallout 
 
The optical, radiation, and BSE image characteristics hint at chemical differences between 
the glass categories (i.e homogenous versus heterogenous or ground-glass), which motivates more 
detailed investigation of these objects. Chemical characteristics that distinguish these glasses may 
be due to physical or chemical evolution of the melt during formation, such as evaporative loss 
during heating, different degrees of mixing, or different amounts of vapor incorporation. To 
examine this problem in greater detail, compositional data were taken using SEM-EDS point 
analyses. Other investigators have made spatially oriented measurements on trinitite but have 
generally performed targeted analysis of specific subdomains (e.g., references [5, 17, 31]). Instead, 
the analysis uses uniformly spaced analyses across the surface of the aerodynamic and trinitite 
ground glass sample suite. From this approach a dataset is constructed, in a less biased way, that 
reflects the distribution and scale of chemical heterogeneity in fallout glass. The raw data are listed 
in the appendix E.  
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Figure 28. Box plot of element wt% from eleven aerodynamic and two ground glasses. 
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Table 13. Summary statistics for the fallout dataset, both by class and collectively 
Class Al Ca Fe K Mg Na Si Ti n 
Dataset Mean 6.4% 7.0% 1.9% 2.1% 0.6% 1.1% 32.4% 0.3% 3249 
+/- std error 0.7% 1.2% 0.2% 0.3% 0.1% 0.2% 1.5% 0.04% 
Homogenous  8.4% 11.2% 2.4% 1.3% 0.7% 0.7% 29.1% 0.3% 
705 
+/- std error 0.9% 2.0% 0.3% 0.4% 0.1% 0.2% 1.6% 0.03% 
Heterogeneous  5.6% 8.3% 1.8% 2.1% 0.5% 1.1% 33.0% 0.2% 
705 
+/- std error 0.9% 1.5% 0.4% 0.3% 0.1% 0.2% 1.8% 0.04% 
Ground Glass 6.0% 5.0% 1.7% 2.4% 0.6% 1.3% 33.5% 0.3% 1839 
+/- std error 2.0% 2.1% 0.6% 0.8% 0.2% 0.5% 4.0% 0.1% 
 
 
Measured concentrations are compared to corresponding ranges from the soil compositions 
to evaluate whether glass compositions are grossly enriched relative to precursor components in 
the soil. Summary statistics of the SEM-EDS analyses (Figure 28 and Table 13, n=3249) aid in 
interpretation of the observed optical, radiometric, and compositional heterogeneity previously 
discussed. Samples in Figure 28 are colored by class to facilitate comparison, with red as 
homogenous, green as heterogeneous, and blue as ground-glass. In this figure, the line denotes the 
median, boxes show the interquartile range (25th – 50th percentile) and the whiskers show extreme 
range at ~2.7 sigma. Overall, fallout data span a considerable compositional range, showing a 
minimum and maximum (5th – 95th percentile concentration) of 0.3% - 10.2% Al, 0.1% - 15.4% 
Ca, 0.1% - 2.9% Fe, 0.1% - 0.5% Ti, 0.1% - 3.6% K, 0.1% - 1% Mg, 0.1% - 1.9% Na, and 25.4% 
- 45.4% Si (elemental weight percent). The minimum concentrations generally reflect the lower 
limits of detection for EDS except for Si. Maximum element concentrations are less than mineral 
compositions in the soil (e.g., alkali feldspar; see 
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Table 9), but generally greater than the bulk composition of the soil by ICP-MS. These abundances 
show that the fallout glasses in this study are not grossly fractionated in major element composition 
from their probable soil precursors, and are unlikely to reflect pure equilibrium condensates, 
consistent with the conclusions of, for example, Bellucci et al., [31] and Eppich et al.,[34]. 
While the optical and BSE micrographs show visual evidence for chemical heterogeneity, 
these analyses are not quantitative. In contrast, individual sample variances can be calculated from 
EDS point analyses, and constitute a quantitative metric of relative homogeneity or heterogeneity. 
This permits comparison of samples or classes, to better define the homogenous or heterogenous 
characteristic. Comparison of the whiskers and interquartile range (IQR) shows that homogenous 
samples (T11, T15, T16, T18, and WS1) generally exhibit a smaller overall range than in 
heterogeneous (T12, T13, T14, T17, T19, and WS2) or ground-glass samples (GG1 and GG3). For 
example, Al concentration in the homogenous T11 sample show an IQR of 9.7% - 10.2%, while 
the heterogeneous T12 sample yields a range of 5.7% - 7.0%, which is a relative difference of 2.6. 
Similarly, calcium in the heterogeneous T12 sample shows an IQR of 4.8% - 7.2%, while the 
ground glass sample GG1 yields a range of 4.5% – 8.5%, a relative difference of 1.6. These 
relationships are generally consistent across all major elements measured (Al, Ca, Fe, K, Mg, Na, 
Si, and Ti).  Some individual samples do not follow general class trends. Sample WS1, for 
example, shows greater IQR for Mg (0.5% - 0.7%) than for most heterogeneous samples, while 
WS2 shows greater IQR for K and Fe (0.8% - 1.9% and 1.1% – 2.8%, respectively) than either 
GG1 or GG3. Overall, heterogeneity in the major element chemistry of the samples is well-
correlated to spatial activity distributions and features such as fractures, vesicles, and inclusions, 
or overall sample morphology (spherical, elliptical, or irregular shapes).  
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One question to address was whether the homogenous samples were simply better mixed 
versions of the heterogenous samples, or whether they present fundamentally different chemical 
relationships. To evaluate this, the mean and standard error of each class are compared (Table 13). 
Based on these results homogenous aerodynamic glasses are enriched, relative to heterogeneous 
aerodynamic and trinitite ground glass samples in Al, Ca, and Mg, but depleted in K, Na, and Si. 
Heterogeneous aerodynamic glass, in contrast, show statistically equivalent concentrations to 
ground glasses for Al, Fe, K, Mg, Na, and Si, and is only enriched in Ca. The Ti concentration of 
all three classes of fallout glass are nearly equivalent within analytical precision. None of these 
fallout compositions are equivalent to sediment compositions measured at ground zero (Neal et 
al., [23], and LLNL soil analyses [79]). Clearly, from this analysis, homogenous samples are not 
simply better mixed heterogenous glass and may instead be due to chemical fractionation of the 
melt through evaporative [34] or condensation processes [5]. A table of corresponding 
representative boiling points from [80, 81] are shown in Table 14.  
 
Table 14. Representative boiling points of the oxides 
Oxide Boiling Point (K) 
Na2O 2223 
Al2O3 3250 
CaO 3100 
FeO 2785 
MgO 3873 
SiO2 2973 
TiO2 3273 
  
 
During fallout formation, individual samples likely experience individual histories 
associated with their trajectory through the fireball and time of incorporation. Consequently, 
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physical or chemical differences between samples may arise from the differing time and 
temperature histories of the samples. Of the eight analytes measured, Na and K oxides are the least 
volatile with K decomposing at low temperature [82], and may be expected to be strongly affected 
by greater temperatures and/or longer times in the fireball. Conversely, Al, Ca, Fe, Mg, Si and Ti 
oxides are substantially more refractory (see Table 14) [80, 81]. To better understand the extent to 
which volatile loss may have impacted the sample set, homogenous glasses were investigated. 
These samples are relatively uniform and might better show systematic chemical differences 
relating to different time, temperature, and formation conditions. Notably, three of five (T11, T16, 
and WS1) samples show an enrichment of Al while the remaining two (T15 and T18) are similar 
in concentration to heterogeneous fallout and ground-glass. Another pattern is evident for Si, with 
T15 and T18 showing slight enrichment and T11, T16, and WS1 showing slight depletion relative 
to the heterogeneous glasses. A third pattern is evident for volatile glass elements, Na and K, with 
T15 and T18 showing equivalent concentrations to the heterogeneous glasses and T11, T16, and 
WS1 showing significant depletions. While these enrichments and depletions may suggest that K 
and Na may have been lost due to heating with accompanying enrichment of Al, the corresponding 
patterns of behavior in the other elements are not clear. For instance, sample WS1 is strongly 
depleted in K and Na, but not in Si like T11 and T16. In another example, T11 is enriched in Ca, 
but also shows a corresponding enrichment in Al. A key challenge to understanding attendant 
physiochemical processes resulting in different types of fallout, much less translating these 
observations into a more generalized picture of fallout formation chemistry lies in understanding 
the contributions to elemental variation in the presence of multiple geochemical and anthropogenic 
precursors. These challenges motivate the development and application of multivariate techniques 
to these spatially resolved data sets.  
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6.7 Summary and Conclusion 
 
 In this chapter, optical and electron microscopy demonstrates the morphological, textural, 
and compositional heterogeneity of fallout. These results also reveal two differing morphologies, 
ground and aerodynamic glass, which must have experienced very different formation histories. 
Autoradiography shows that homogenous and heterogenous glass subpopulations exist, which may 
be due to a continuous underlying mixing process. The correlation between the BSE images and 
activity distributions suggest composition exerts a control on the deposition and incorporation of 
radioactivity. Finally, SEM-EDS analysis shows chemical trends that probably underlie different 
formation histories, but which is difficult to understand conclusively. Overall, these relationships 
motivate understanding the heterogeneity in a multivariate way.
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CHAPTER 7: MODELING COMPOSITIONAL VARIATION IN FALLOUT 
7.1 Introduction 
 
 Compositional heterogeneity in fallout is fundamentally multivariate due to contributions 
from multiple sources, each with unique chemistries. Interpreting these relationships 
conventionally may be difficult or even impossible due to the overlapping chemical information 
in the melt. This chapter discusses and applies the multivariate approaches detailed in Chapters 3, 
4 and 5 to the compositional heterogeneity examined in Chapter 6. The results from these analyses 
are interpreted with respect to the condensation, evaporation, mixing, and agglomeration processes 
first mentioned in Chapter 1.  
 
7.2 PCA of Compositional Data 
7.2.1 The Major Principal Components 
 
Major element concentrations are diluted by mixing processes, but these variables tend to 
move or covary together as groups in a way that preserves associations. For this reason, PCA is 
applied to fallout compositions to visualize the covariance from loadings plots and interpret the 
associated chemistries. An introduction, background, and application of the PCA approach is 
presented Chapters 3, 4, and 5. Using this approach, a PCA model was created using the results 
from 3249 single point compositional analyses on all 13 glass samples. These results are shown in 
Figure 29. The loading vectors for PC 1 versus PC2 (Figure 29c) shows three distinct relationships: 
(1) an anti-correlation between Si and other major elements, (2) a correlation of Na and K, and 3) 
a correlation of Al, Ti, Mg, Fe, and Ca. Of the latter group, Ca shows is somewhat separated 
suggesting an additional source of variation in this element. Scree and cross validation plots 
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(Figure 29c-b) confirm that these relationships are compositionally significant by explaining 
76.21% of the overall heterogeneity in the fallout sample set, calculated form the sum of 
eigenvalues 1 and 2 over the total sum of squares.  
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Figure 29. PCA analysis of the fallout dataset for major principal components. 
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Because fallout generally consists of molten soil constituents, a plausible explanation is 
that chemical associations are inherited from compositions in the soil. Comparing mineral 
compositions in the surrounding environment (see Table 9) to the results from PCA show some 
clear trends. Si variation is likely due to quartz while K or Na covariance are likely inherited from 
alkali or plagioclase feldspars (although relative element volatility may also play a role). This 
interpretation is consistent with literature, having been recognized by Donohue et al. [32]. The 
relationship of Ca to Al, Fe, Mg, and Ti is less clear, due to the partial divergence of Ca that doesn’t 
seem to entirely match the measured calcite or mafic compositions. This ambiguous observation 
is resolved in Section 7.3 by using a greater degree of a priori information during modeling with 
MCR-ALS. While the association of Ca to Mg and Fe has been reported by Bonamici et al. [5], 
the correlation of Al and Ti to the “Ca-Mg-Fe” glass has not been discussed. If these relationships 
are inherited from the soil, they may reflect relationships in amphibolite such as hornblende due 
to the high abundance of Al in these phases. More likely, this represents complex behavior 
underlying a variety of precursors and chemical processes. 
Just as grouping between variables in the loadings plot show chemical associations 
preserved in glass heterogeneity, clustering or skew in the scores highlighting commonalities or 
differences in individual samples. Scores were used to understand the difference between the 
classes of fallout, homogenous, heterogeneous, and ground-glass samples (Figure 29). In Figure 
29d, the homogenous samples show multiple, tightly clustered data groups that follow a line 
extending from the origin to the lower right of the graph. The glass compositions closest to the 
origin, T15 and T18, exhibit average fallout compositions, while samples furthest from the origin, 
T11, T16, and WS1, are depleted in K and Na but enriched in Ca and Al. While this systematic 
behavior may reflect different mixing proportions of plagioclase feldspathic material (i.e. the solid 
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solution between NaAlSi3O8 and CaAl2Si2O8), another possible explanation is that volatile loss 
may play a role in the intra-sample differences in the homogenous class.  
Figure 29e shows compositional variation inherent in the heterogeneous glass collection. 
These samples form an arc in PC space and generally show tight clusters from relict Si-rich or 
calcic rich subdomains. In contrast to the homogenous samples, the data from heterogeneous 
samples span a much wider compositional space and are less well-mixed. Multiple samples 
overlap, which suggests that most of the heterogeneous samples are similar with respect to their 
chemical composition and heterogeneity. Interpreted on the basis temperature, homogenous 
samples likely saw relatively higher degrees of heating, and heterogenous samples relatively 
lower. The sole exception to this behavior is WS2, which shows multiple clusters in different 
regions of composition space. This sample may reflect agglomeration processes wherein multiple 
compositionally distinct spherules collided and adhered to one another. This agglomeration 
behavior is similar to that observed in a separate nuclear test  [4]. 
One question to evaluate was whether the irregular or smooth morphological characteristics 
of aerodynamic fallout or ground-glass related to compositional trends. This was examined by 
comparing ground-glass with aerodynamic samples in PCA space. Figure 29f shows the 
compositional variation exhibited by two pieces of ground-glass. This fallout type spans a much 
larger range of compositional space as compared to either heterogeneous or homogenous 
aerodynamic classes, showing that these samples experienced the least degree of mixing. Ground 
glass also exhibits a much greater variation towards K and Na rich compositions. Only two possible 
explanations exist for this pattern: first, that ground-glass is enriched in volatile elements, or 
second, that K-feldspar compositions are better preserved. In either case, ground-glass must then 
experience the lowest temperatures and the briefest times of formation of any fallout. Ground-
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glass exhibits the same arced shape as heterogenous glass compositions, exhibiting variance across 
PC 1 and upwards towards positive PC 2 values. Like with heterogenous glasses, few 
measurements appear in the subspace at the bottom of the arc between Si-rich and Ca-rich 
compositions. Eby et al., [33] discusses the interaction and simple mixing within subdomains that, 
in of themselves, do not interact and mix with neighboring Si-rich regions which may explain this 
distribution. 
 
7.2.2 The Minor Principal Components 
 
If major PC’s 1 and 2 are useful to understand large sources of compositional variation, the 
minor PC’s 3 and 4 provide evidence for more subtle trends. Possible explanations for these trends 
might include a vapor phase condensate, or mixing between minor precursor phases in the soil 
such as K, Na, and Ca in the feldspar series. The challenge of interpreting these components, 
however, is delineating compositionally significant variation from lesser sources such as analytical 
noise, which grows in importance with progressively more minor PC’s. The minor PC’s are shown 
in Figure 30. The loading vectors for PC3 versus PC 4 (Figure 30a) present two distinct patterns: 
Al and Ti variables are both uncorrelated by themselves, while the Ca, Na, and K or Fe, Mg, and 
Si variables are weakly correlated in two respective groups. The Al variance does not appear to 
capture compositional heterogeneity inherited from known soil components (see 
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Table 9), but may represent a factor that models the relative enrichment of Al with volatile loss of 
K or Na. The weak correlation between Ca, Na, and K, may reflect small compositional differences 
between alkali, (K,Na)-AlSi3O8, and plagioclase feldspar, (Ca,Na)-Al(1-2)Si(3-2)O8, solid solutions. 
The weak correlation between Fe, Mg, and Si may account for compositional relationships in 
underlying mafic or amphibole-like compositions (see Table 8), such as noted by Eby, [17]. The 
magnitude of the Fe vector in this group, in contrast to Mg or Si, demonstrates the relatively greater 
extent of variation of this element, possibly relating to multiple sources of iron involved in the 
explosion. Ti may reflect the presence of a minor accessory mineral such as ilmenite (FeTiO3), 
though it is only weakly correlated with Fe variation along PC 3. Overall, compositional variation 
described by the minor PC’s only account for 13.47% of the total variance in the glasses, calculated 
from the sum of eigenvalues 3 and 4 over the total sum of squares.  
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Figure 30. PCA analysis of the fallout dataset for minor principal components. 
 
To investigate the compositional differences between the different sample classes, the 
scores from PC3 versus PC4 are shown in Figure 30b-d. These results are colored on the basis of 
class, homogenous, heterogeneous, and ground-glass. Here PC 3 and PC 4 scores show five closely 
situated clusters in which homogenous samples T15, T16, T18, and WS1 are skewed toward an Fe 
rich precursor and T11 is not. This overall pattern is interesting since Al and Ca contribute 
relatively little to the overall picture of variation, with most heterogeneity in the direction of Fe. 
-0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1
PC 3 (8.54%)
-0.6
-0.4
-0.2
0
0.2
0.4
0.6
0.8
PC
 4
 (4
.9
3%
)
   Al
   Ca
   Fe
   K    Mg   Na
   Si
   Ti
0 5 10
Scores on PC 3 (8.54%)
-8
-6
-4
-2
0
2
4
6
8
Sc
or
es
 o
n 
PC
 4
 (4
.9
3%
)
Homogenous Samples
T11
T15
T16
T18
WS1
0 5 10
Scores on PC 3 (8.54%)
-8
-6
-4
-2
0
2
4
6
8
Sc
or
es
 o
n 
PC
 4
 (4
.9
3%
)
Heterogeneous Samples
T12
T13
T14
T17
T19
WS2
0 5 10
Scores on PC 3 (8.54%)
-8
-6
-4
-2
0
2
4
6
Sc
or
es
 o
n 
PC
 4
 (4
.9
3%
)
Ground Glass Samples
GG2
GG3
a.) b.) 
c.) d.) 
 
 
125 
One possible explanation is that agglomeration or deposition of an Fe-rich composition occurred 
at a relatively late time for the four samples, wherein the melt quenched too quickly for mixing 
and homogenization of the material.  T11 may have experienced an earlier stage agglomeration or 
deposition, which led to more thorough mixing.  
The scores from the heterogeneous samples T12, T13, T14, T17, T19, and WS2 show a 
similar skewedness (intra-sample variation) towards the Fe-rich precursor as the homogenous 
samples, as well as a relative lack of variation towards Al or Ca. This pattern of underlying 
variation suggests similar processes and time domains constraining the incorporation and mixing 
of this Fe-rich source. This result is surprising since one might expect the Fe-rich source to exhibit 
greater variance in the heterogenous samples than the homogenous samples if it were present at 
the initial moment of heating. Yet, the incomplete mixing suggests that the Fe-rich source was 
deposited onto both heterogenous and homogenous aerodynamic glasses at the same time, 
regardless of their individual time and temperature histories in the fireball. 
The major PC’s showed extensive compositional variance in ground-glass that 
distinguishes it from aerodynamic fallout – a behavior that continues to hold true for the minor 
PC’s. Two patterns are readily observed in minor scores: first, compositional heterogeneity is 
mainly defined by Ca and Al in ground-glass and spans a larger compositional space than either 
heterogeneous or homogenous compositions, and second, compositional heterogeneity shows a 
distinct compositional trend caused by Ti. The extent to which the Ca and Al, and to a lesser extent 
K and Na compositions, contributed to greater variance in this projection is difficult to interpret as 
the model is based purely on orthogonal representations of compositional variation and may 
capture heterogeneity within the feldspathic precursor. The relative enrichment of Ti is likely due 
to the presence of ilmenite in the ground-glass, which is reported in the literature for Trinity soil. 
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Thus, Fe from the fireball and Fe from geologic precursor seem to contribute to compositional 
heterogeneity in ground-glass simultaneously.  
 
7.3 MCR-ALS Analysis of Compositional Heterogeneity  
7.3.1 The Precursor Compositions 
 
The PCA technique has some inherent limitations. While this projection is good for 
visually evaluating variable and sample characteristics, interpretation is often difficult due to 
requirement for an orthonormal basis. Alternative approaches like MCR-ALS overcomes this 
disadvantage, by applying physically and chemically sensible constraints such as closure and non-
negativity during the modeling procedure. The output of this process is a set of precursor 
compositions and contributions that best explain the overall chemical heterogeneity of the dataset. 
Where a precursor, e.g feldspar, shows natural variability, these estimates reflect average 
compositions. Just as the loadings from PCA describe the correlations between variables that 
“move together”, precursor compositions express element associations. Since MCR-ALS is a 
nonlinear optimization routine, an initial value is needed to begin the first iteration. Measured 
feldspathic, quartz, and mafic compositions were used from Table 9, stoichiometric composition 
for calcite, and a high Fe-Si composition observed from the maps to initialize and partially 
constrain the model. These five compositions are consistent the result from PCA scree and cross 
validation plot showing that between 4 and 6 precursors are responsible for variation in the dataset. 
Another advantage to MCR-ALS is the capability to incorporate a priori knowledge 
directly as a constraint in order to reduce ambiguity in the results. Because quartz and calcite are 
observed in the soil at the Trinity site, these were weighted with heavy penalties to help reduce 
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rotational and multiplicative ambiguities in the solution set. Feldspar was given a light weight 
since some variability in these compositions at the site might be expected, while the mafic or Fe-
rich composition was given little to no weight due to a relative dearth of a priori knowledge for 
these phases. The MCR-ALS model converged after 100 iterations and was able to explain 99.98% 
of the major element compositional variation in the dataset. The results for these precursor 
compositions, and resultant Q-residual values (expressing which variables the model has difficulty 
explaining) are plotted in Figure 31. 
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Figure 31. MCR-ALS composition estimates from the fallout dataset. 
 
 
a. b. 
c. d. 
e. f. 
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Table 15. Precursor major element concentration and associated +/-1 standard error  
Mineral Al Ca Fe K Mg Na Si Ti 
Feldspathic 9.6% < D.L < D.L 7.6% 0.4% 3.6% 29.1% 0.2% 
+/- std 
error 0.11% N/A N/A 0.32% 0.05% 0.08% 0.24% 0.02% 
Aluminous 20.0% 8.4% 2.8% < D.L 1.2% 0.7% 20.3% 0.5% 
+/- std 
error 0.41% 0.63% 0.34% N/A 0.07% 0.06% 0.36% 0.04% 
Siliceous < D.L < D.L < D.L 0.1% < D.L 0.1% 46.5% < D.L 
+/- std 
error N/A N/A N/A 0.03% N/A 0.02% 0.04% N/A 
Calcic < D.L 72.4% 0.8% 0.1% 0.6% < D.L 0.6% < D.L 
+/- std 
error N/A 0.13% 0.1% 0.05% 0.1% N/A 0.06% N/A 
Fe-Rich < D.L 11.0% 42.9% < D.L 7.8% < D.L 7.5% 3.8% 
+/- std 
error N/A 2.2% 1.7% N/A 0.93% N/A 1.4% 0.33% 
 
 
The MCR-ALS routine constrained five precursor composition estimates, the element 
concentration and associated standard error of which are shown in Table 15. Note that the standard 
error was estimated by bootstrapping the MCR-ALS routine 1000 times. These are used to account 
for chemical heterogeneity on the basis of mixing relationships. Out of five precursors, only the 
feldspathic, siliceous, and calcic compositions resemble major element chemistries of known 
mineral in the soil [23]. This result confirms the importance of soil for explaining compositional 
heterogeneity in the glass but identifies additional sources of unexplained variation that require 
interpretation. The Q-residuals (see Chapter 3) shown in Figure 26f identify that K, Mg, Na, and 
Ti were not modeled as well, likely due to their variation in natural ilmenites, amphibolite, or 
hornblende phases.  
The extent to which a precursor composition changes from its initialized value provides 
some evidence for interpreting the reliability of the a priori information. The feldspathic precursor, 
in particular, showed similar amounts of Al and Si but different Ca, K, and Na concentrations 
relative to average concentrations measured from the soil. This discrepancy may be due to different 
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K to Na ratios in alkali feldspars and modal abundance in the soil sample versus those actually 
incorporated in the fireball. Note that the feldspathic precursor composition best explains K-
feldspar but not some of the more Ca enriched plagioclase observed at the site. The computational 
model may not be able to resolve the Ca concentration in Ca-rich feldspar melts because it lies 
within the space already spanned by the calcic compositions. The siliceous and calcic precursor 
compositions are nearly identical to measured quartz and stoichiometric calcite compositions due 
to the high weights applied during the modeling process and the large number of relict Si-rich 
regions measured in the fallout. No pure calcic regions were observed.  
The aluminous composition differed substantially from the mafic composition used to 
initialize the estimate, showing that this component was not well-expressed by in the soil samples. 
The discrepancies are greater Al, equivalent Ca and Si, and less Fe, K, and Mg than initialized 
values. Of these Al, Ca, Fe, or Mg are too abundant for this to represent a plagioclase series 
feldspar.  Likewise, these enrichments fail to directly model amphiboles such as actinolite or 
hornblende that are commonly cited accessory minerals (see [20], and [17]). The high Al, Ca, Mg, 
and Fe concentrations may suggest that this composition describes a refractory condensate, but the 
Si concentration is not substantially depleted (as expected if condensed from a gas). More likely, 
the aluminous composition reflects either K or plagioclase feldspars that have lost K and/or Na 
species from heating, with some rotational ambiguity in Fe and Mg from minor accessory mineral 
phases at the site. Alternatively, this composition may reflect an Al-rich clay, such as that reported 
in the nearby sediment [23]. These possibilities are further evaluated using image data in Section 
7.4. 
The Fe-rich precursor composition differs from the initialized composition in that is 
enriched in Ca, Mg, and Fe, while depleted in Si. Since Ca, Mg and Fe are more refractory than 
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Si, these compositional relationships may indicate that this precursor is a refractory condensate. 
Plutonium and uranium activity has been found collocated with Ca, Mg, and Fe rich regions ([39], 
[35]) and along the occluded boundaries between agglomerates ([4] and [37]). The relationship 
between activity and Ca, Mg and Fe-rich regions suggests that the Fe-rich precursor composition 
co-condenses with actinides known to originate in the vapor state. The spatial relationship between 
activity and both the aluminous and Fe-rich precursor is examined at the end of this chapter, in 
further detail. 
Q-contributions provide qualitative insight into where the MCR-ALS model fails to account 
for observed heterogeneity by over or under predicting elemental concentrations (see Chapter 3). 
Accordingly, systematic differences in residual values provide some evidence for trends related to 
formation histories of these classes. These values are shown, for each class in Figure 32a-c. In both 
the homogenous and heterogenous glasses, the MCR-ALS model overestimates Mg, likely due to 
the variability of this species in the vapor phase and in mafic soil constituents. The lower Na than 
expected in the homogenous glass is consistent with the expected higher temperature history of 
this type of fallout in comparison to heterogenous fallout. Ground-glass, in contrast to the other 
two classes, shows enrichment of Mg, Na, and Ti. The Mg enrichment may be due to contributions 
from amphibole minor phases, less readily observed in an altered state in aerodynamic samples. 
The Na enrichment may appear enriched in ground-glass relative to aerodynamic samples due to 
the brevity and relatively lower temperature conditions reducing volatile fractionation. The Ti 
enrichment may be more abundant in ground-glass due to the greater likelihood of detecting 
unmixed relict ilmenite, as this mineral is a common source of Ti in the soil. 
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Figure 32. Q-contributions calculated for each fallout class. 
 
7.3.2 The Precursor Contributions 
 
Just as element associations in precursors provide insight as to the chemical characteristics, 
relative precursor abundance, or contribution, may be used to build evidence for physical or 
chemical processes causing melt heterogeneity. These contributions span a much larger 
concentration range than the individual elemental abundances, with possible values ranging from 
the lower limit of detection through 100wt%, where pure components exist in the fallout melt. To 
characterize the data in MCR contribution space, summary statistics of MCR-ALS precursor 
contributions for both individuals and sample classes were calculated. This is shown in Figure 33 
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as box and whisker plots and Table 16, respectively. The minimum and maximum contributions 
modeled in the glass (5th percentile and 95th percentile) are 0% - 46.5% for feldspathic, 0.4% - 
49.1% aluminous, 24.7% - 96.0% siliceous, 0% - 18.1% calcic, and 0% - 5.3% Fe-rich precursors. 
Of the five precursors, only the siliceous composition is estimated to be present in pure form, likely 
due to high melting temperature and viscosity of Si-rich melts inhibiting mixing. Unsurprisingly, 
this precursor was also the most abundant at 43.9%, showing that most of the melt has formed 
from the quartz precursor. The remaining four precursors are all more dilute, exhibiting a mean 
contribution of 26.8% for feldspathic, 19.3% aluminous, 7.0% calcic, and 2.9% Fe-rich precursors. 
Excepting the aluminous and Fe-rich composition, the modal abundances for the feldspathic, 
siliceous, and calcic precursors are within the range of those published [23] from nearby the Trinity 
site, confirming the similarity between fallout melt glass composition and mineral phase 
compositions present in the local soils. 
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Figure 33. Summary statistics for MCR-ALS estimated contributions. 
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Table 16. Precursor contribution and associated +/-1 standard error for each class 
Class Feldspathic Aluminous Siliceous Calcic Fe-Rich n 
Dataset Mean 
(All Fallout) 26.8% 19.3% 43.9% 7.0% 2.9% 3249 
+/- std error 0.3% 0.2% 0.3% 0.1% 0.1% 
Homogenous 
Melt 15.8% 34.0% 37.2% 10.9% 2.9% 705 
+/- std error 0.5% 0.6% 0.2% 0.2% 0.1% 
Heterogeneous 
Melt 27.2% 14.8% 46.8% 9.3% 3.0% 705 
+/- std error 0.4% 0.3% 0.6% 0.2% 0.1% 
Ground Glass 
Melt 30.8% 15.4% 45.5% 4.7% 2.8% 1839 
+/- std error 0.4% 0.2% 0.5% 0.1% 0.1% 
 
 
One of the questions was whether the trends in class and/or sample variance, discussed in 
Section 6.6, holds true in the new MCR-ALS basis set. Answering this question requires examining 
whether the relative variance of the precursor remains smaller for homogenous samples when 
compared to the heterogenous ones. Inspecting Figure 33, intra-sample variation in contribution 
mirrors the same overall trends exhibited by the major elements in Section 6.5. Comparison of the 
extreme range and IQR (25%-75% percentile inter-quartile range) of different samples in each 
class reveals the same systematic class relationships, with homogenous samples showing smaller 
whiskers and IQR than heterogeneous samples or ground-glass. For example, the T11 aluminous 
contribution exhibits an IQR of 47.9% - 50.8%, while T12 shows a range of 10.7% to 20.3%. For 
the calcic precursor, T12 exhibits an IQR range of 5.2%-7.1%, as compared to GG1 which shows 
4.2% - 8.7%. Samples that exhibited large major element variation, for example K, Mg, Na, and 
Si in WS2, also display large variation with respect to precursor contributions (i.e feldspathic, 
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siliceous, and Fe-rich contributions). Overall, sample class assignment appears consistent 
regardless of whether raw element data, PCA, or MCR-ALS is used as a basis. 
In Section 6.5, the raw element concentrations show either relative enrichments or 
depletions depending on sample class (e.g. Al for homogenous samples, K and Na for 
heterogenous and ground glass). These chemical relationships are investigated using PCA in 
Section 7.2, demonstrating that the chemical differences are fundamentally multivariate in 
character. The next question was whether the same elemental trends hold in MCR-ALS space, and 
whether these patterns are consistent with the interpretation of the precursor composition. From 
the MCR-ALS summary data in Table 16, two patterns are evident. First, homogenous glasses are 
significantly enriched in aluminous composition compared to heterogeneous and ground-glass, 
and in calcic composition with respect to ground-glass. Second, these data show that the 
homogenous class is depleted in feldspathic contribution relative to both heterogeneous and 
ground-glass fallout, and the siliceous contribution relative to heterogeneous glass. The enrichment 
of the aluminous content in the homogenous sample, low compositional variance, and depletion in 
volatile-bearing feldspathic soil components are all consistent in suggesting greater time and 
temperature history for this fallout. The enrichment of the feldspathic content in the heterogenous 
samples, high compositional variance, and depletion of the refractory-bearing aluminous 
component are consistent in suggesting relatively lower time and temperature history for these 
samples. Thus, systematic differences in the precursor contribution distinguish the homogenous, 
heterogenous, and ground-glass samples in a statistically meaningful way that contrast formation 
histories.  
Individual samples show variance within classes, highlighting individual formation 
histories. The homogenous samples T11, T16, and WS1, for instance, are enriched in the 
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aluminous and/or calcic precursor, but depleted in the feldspathic composition. Conversely, the 
other homogenous samples T15 and T18 show feldspathic concentrations that are closer in 
concentration with the heterogenous samples and are more depleted in aluminous precursor 
relative to the other three homogenous samples. If the aluminous content is an indication of higher 
time and temperature, this compositional trend suggests the three homogenous samples experience 
time and temperature conditions sufficient for volatile loss while the two other samples are 
somewhat more well-mixed versions of the heterogenous glasses. Possible physiochemical 
phenomena responsible for these changes are discussed in additional detail in Chapter 8. High 
resolution compositional mapping was applied to samples, to better examine the spatially orient 
compositional trends causing the complex chemical heterogeneity of fallout glasses.   
 
7.4 Projections of Modeled Compositions 
 
Though the raster point analyses reveal useful compositional trends, these types of analyses 
are not adequate for explaining the volumetric relationships of precursor contributions within 
fallout in an intuitive way. In this chapter a comprehensive mapping analysis is used to identify 
the spatial distribution of each precursor composition to build evidence for physical or chemical 
processes causing melt heterogeneity. This analysis was calculated using one constrained 
regression step by estimating precursor contributions for each pixel in the image from the set of 
precursors determined in Section 7.3.1. These images consist of two layers: first, a simulated 
effective backscatter coefficient calculated from the measured composition, which could be 
compared to the BSE images from Section 6.5, and second, a color channel for each of the 
precursors. The brightness of color is scaled to the precursor relative abundance, with higher 
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contributions appearing brighter in the images and lower contributions appearing darker. These 
images are distinct from elemental X-ray maps, appendix F, because they show the behavior of 
the precursors, as opposed to single elements, resulting in simplified interpretation (e.g. Fe from 
soil versus anthropogenic sources cannot be distinguished in a normal X-ray map). The MCR-ALS 
projection images are shown in Figure 34 and Figure 35 for the homogenous glasses as well as 
Figure 36 and Figure 37 for heterogeneous glasses. 
 
7.4.1 Image Projections of the Homogenous Samples 
 
 The uniform appearance of the homogenous fallout-glasses (Figure 27) belies patterns of 
heterogeneity throughout the interior that were not observed using BSE, constituting additional 
evidence that cannot be interpreted using the point analyses alone (Figure 34 and Figure 35). In 
investigating these features for their geochemical or formation significance, the first question to 
answer was whether the results from the map data were consistent with the single point analyses 
(see Section 2.2.1 for analytical method). In the previous chapter, T11, T16, and WS1 glasses are 
quantitatively shown to be more aluminous, calcic, and homogenous than T15 and T18, which are 
more feldspathic and silicic. In the new image set, however, the relative abundance of the 
precursors appears to be directly related to the volumetric proportion in the glass and intensity of 
the color channel. For instance, the volumetric majority of T11, T16, and WS1 appears to be 
formed from the aluminous and/or calcic composition, and is especially apparent from the intensity 
of the blue and green colors. Using this interpretative approach, the feldspathic component in T15 
and T18 establishes both the volumetric bulk and highest concentration component in the glass.   
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Figure 34. Compositional maps of the homogenous samples, T11, T15, and T16. 
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Figure 35. Compositional maps of the homogenous samples, T18 and WS1.
 
 
141 
The next question was whether relative heterogeneity of these samples was related to their 
volumetric or bulk composition, and where this heterogeneity was spatially distributed. In T11, 
T16, and WS1, the aluminous and calcic contribution is depleted along part of the exterior 
periphery and exhibits an eddy-like pattern that may suggest convective mixing of other material 
from the exterior into the interior of the samples. Previous investigations of trinitite do not 
generally exhibit such diffuse eddy like flow-banded structure in aerodynamic samples (e.g [33] 
and [39]) suggesting that these may be unique in relationship to formation time and temperature 
history, particularly hotter conditions conducive to more rapid convective-diffusive mass 
transport. One explanation is that the bulk of these samples are homogenized prior to collision and 
subsequent mixing of additional material.  
In the feldspathic rich homogenous samples two different patterns are observed: first, a 
uniform volumetric composition with well-defined subdomains, and second, a relatively uniform 
volumetric composition, with diffuse, less defined subdomains. In the first case, T15, the relative 
uniformity of the feldspathic composition may reflect that this sample wasn’t heated to a high 
enough temperature to lose substantive amounts of volatile elements.  Likewise, this sample was 
not heated long enough for the distinct depleted regions to mixing and homogenize throughout the 
sample. In the second case, T18, the sample shows a higher degree of homogeneity plausibly due 
to sufficient temperature and time history to homogenize the sample, but insufficient to induce 
substantial volatile loss. The relationship between time and temperature history with relationship 
to sample homogenization is discussed in Chapter 8.  
One of the most important processes thought to contribute to mass transfer of vaporized 
radionuclides (or stable condensed species) to fallout is deposition. This process entails either 
direct condensation onto the surface of the sample or collision of small heterogenous nucleation 
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particles. The homogenous samples are examined in order to answer this question, precisely 
because their uniformity makes observing and interpreting microtextural features easier. In the two 
homogenous samples, T11 and T16, an enrichment of feldspathic contribution is observed along a 
thin subdomain, of approximately 100 micrometers width, situated on or near the external 
periphery. In some regions, this peripheral band is interrupted by semi-euhedral subdomains 
enriched in feldspathic or siliceous precursor composition. Excepting the well-defined 
subdomains, the relative uniformity of the peripheral feldspathic enrichment may reflect vapor-
phase K and/or Na condensation onto the surface of the fallout melt. Alternatively, such a pattern 
may also originate from agglomeration of fine suspended particles – these two possibilities are 
explored in further detail in the next chapter.  
Collocated with the peripheral feldspathic band, but not feldspathic or siliceous subdomain, 
is a layer of Fe-Rich precursor contribution.  This contribution, mirroring the “Ca-Fe-Mg” 
composition from [39] and [4], is predominately enriched along the exterior, though displaying 
convective transport into the interior. Particular to T11 are well-defined Fe-rich subdomains, 
showing an elongated profile perhaps suggestive of convective transport towards the interior of 
the sample. Both of these samples show very diffuse eddy-liked patterns of siliceous distribution 
throughout the interior, showing that this precursor contribution was subject to extensive mass-
transport process. Since the siliceous composition is greater in viscosity at a given temperature, 
relative to alkali, aluminous, or calcic melts, these patterns of heterogeneity suggest that these 
particular samples must have experienced relatively greater temperature and/or time conditions to 
mix the siliceous precursor throughout the volumetric bulk of the sample. Further, the collocation 
of this material with the Fe-rich precursor contribution suggests that these associations were 
formed prior to entering and mixing throughout the volumetric bulk.  
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Agglomeration is commonly referenced in the literature as a process contributing to the 
formation of fallout spherules [4, 10, 37], yet there exists no comprehensive discussion on the 
relative importance or degree of this mechanism to Trinity fallout. Agglomeration may be an 
important mechanism to understand and quantify, since it may lead to enhanced incorporation of 
activity of large samples during fallout formation [14]. To evaluate this problem, high resolution 
maps are employed to identify inter-sample heterogeneity that might constitute a collided and 
subsumed melt. In T15 three subdomains are observed that are distinct from the volumetric bulk, 
showing enriched aluminous, calcic, and Fe-rich precursor contribution. One of these, the Fe-rich 
subdomain, exhibits a semi-circular shape that suggests, in conjunction with its orientation on the 
periphery, that the melt parcel was originally quasi-spherical before agglomeration and subsequent 
incorporation with the volumetric bulk. Such a dynamic is further evidenced by the enrichment of 
Fe-rich precursor along the periphery of the subdomain, which is consistent with patterns observed 
in the literature for a separate test  [4]. These patterns of interface enrichment appear at each of the 
interfaces of the two other compositionally distinct subdomains, showing that agglomerated 
materials can account for a substantial fraction of the overall mass of a sample. Also, this sample 
exhibits small semi-euhedral siliceous subdomains along the same boundaries outlined by the Fe-
rich contribution. These materials must have collided and adhered onto the exterior of the 
subdomains prior interacting with the host. Finally, the subsequent temperature and time history 
of the sample must have been insufficient for homogenization of either the Fe-rich interface or 
siliceous features in these regions. This relationship is similar in some respects to T11 and T16, 
which exhibits similar small semi-euhedral siliceous subdomains along the periphery of the sample 
itself – preserved by the rapid quenching of the sample before attendant convective-diffusive mass 
transport homogenized these subdomains.  
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Sample T18 differs from the other samples in that its compositional heterogeneity is neither 
wholly homogenous, like T11, or heterogenous like T15.  This observation is given to regions of 
localized heterogeneity near the rim but also a quasi-uniform overall appearance. The aluminous 
and calcic contributions, for instance, are mainly collocated and enriched in eddy-like patterns 
throughout the interior of the sample, with small diffuse zones of enrichment. These display no 
obvious well-defined compositionally distinct subdomains as in T15. The same relationship is true 
for the Fe-rich precursor contribution, which is generally distributed throughout the interior. Only 
the greater contribution of the Fe-rich precursor along the exterior periphery is common to this and 
other samples. Finally, the siliceous enriched subdomains are distributed throughout the interior 
of the sample, with relatively few examples along the periphery as discussed before. Overall, these 
spatial patterns suggest that this sample either experienced a time and temperature history 
sufficient to homogenize larger compositionally distinct subdomains such as those in T15, but 
insufficient to completely homogenize the sample with attendant loss of volatile elements. Another 
possibility is that this sample did not undergo collisions leading to agglomeration prior to 
quenching. In either scenario, these samples show substantially more homogenous compositional 
contrasts than the heterogeneous samples discussed in the next chapter.  
 
7.4.2 Image Projections of the Heterogenous Samples 
 
The heterogeneous samples (Figure 36 and Figure 37) were modeled to investigate the area 
and distribution of each precursor/model composition, providing evidence different formation 
mechanisms and/or histories. In most samples, the feldspathic and siliceous precursor forms the 
volumetric bulk of the sample, namely T12, T13, T14, T17, and T19, although this is not always 
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the case. One sample, WS2, shows compositionally distinct regions of siliceous and calcic material 
that may originate from the collision and agglomeration of multiple melt parcels.  
Of the five heterogeneous samples, T12, T13, T14, T17, and T19, the siliceous subdomains 
show differing degrees of deformation. For instance, in sample T12 these subdomains exhibit 
particularly high aspect ratio, defined by the ratio of the major axis by the minor axis, and appear 
to radiate outwards towards the periphery from the interior void space. In contrast, the siliceous 
subdomains in sample T17 exhibit large semi-euhedral patterns of relatively lower aspect ratio. In 
the former sample, such deformation may be interpreted as a function of this particular sample’s 
relatively greater higher temperature and reduced viscosity than the latter. The relationship 
between deformation, flow, and viscosity is explored in greater detail in Chapter 8. The other three 
samples display intermediate behavior, with T13 and T19 showing a large number (n > 25) of 
relatively smaller clustered siliceous subdomains, some of which are semi-euhedral, such as the 
features on the upper right of T19, and some of which exhibit high aspect ratios, especially the 
right-most subdomains on T13, near the sample edge.  
Some precursor enrichments are spatially collocated near the exterior or interior of 
samples, suggesting that they were either incipient in the substrate prior to the explosion or 
deposited at a later time in the fireball. For example, the spatial collocation and enrichment of the 
feldspathic and siliceous precursor in the interior are observed for most heterogenous samples, 
T12, T13, T14, T17, and T19. Collocation of these components suggest that they share a common 
origin. One possible explanation is that these precursors were collocated in the original mineral 
assemblages in the soil, based on observations of these structures in , which were retained through 
the heating and quenching processes. This collocation appears throughout the central-most region 
of WS2, but not the compositionally distinct regions.  
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Figure 36. Compositional maps of the heterogeneous samples, T18 and WS1. 
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Figure 37. Compositional maps of the heterogeneous samples T17, T19, and WS2. 
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Not all the heterogenous samples exhibit feldspathic and siliceous subdomains in the 
interior, pointing to a variety of different formation histories or dynamics. WS2 is unique among 
the heterogeneous samples, since it exhibits well-defined siliceous subdomains, one in the interior 
and the others generally along the exterior, with an amorphous central section of high siliceous 
and calcic precursor contribution. This pattern seems to capture characteristics of both the 
homogenous and heterogenous fallout – with both homogenous subdomains situated next to 
subdomains exhibiting a heterogenous siliceous inclusions. One interpretation of this relationship 
is that WS2 formed from the collision and agglomeration of multiple melt parcels, each with its 
own independent time and temperature history. The agglomeration process is consistent with 
observations by both early and contemporary sources (e.g. references [10] and [4]), and shows that 
collisions between spherules occurred during the Trinity nuclear explosion. 
In contrast to the feldspathic and siliceous precursors, the aluminous and calcic 
contributions are generally depleted throughout the interior of the sample but collocated along the 
exterior of the sample set. These regions exhibit widely varying textural characteristics ranging 
from diffusive-convective eddied regions to well defined subdomains with a homogenous 
distribution. Sample T12, for instance, shows eddies along the top and bottom sectors of the glass 
spherule, possibly capturing the mass transport of agglomerated materials into and throughout the 
interior. The other heterogeneous samples, T13, T14, and T19, show well-defined subdomains 
along the periphery. In T13, these are located at the upper and lower right regions and limited to a 
relatively small region of the spherule. In T14 the same pattern is evident along the upper and 
bottom right regions of the spherule, but not in the lower left region which displays an enrichment 
of aluminous material. In T19, three quasi-spherical subdomains enriched in aluminous and calcic 
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precursor are observed, each suggestive of a parcel of melt that collided with and subsumed into 
the volumetric bulk.  
The Fe-rich composition is particularly significant to this study because its element trends 
suggest that the origin is from condensation processes in the cloud. Thus, it is important to examine 
whether its distribution was consistent with this hypothesis (i.e. pattern and thickness deposition 
on the exterior), and the extent to which it is associated with other precursors. For instance, in 
sample T12 the Fe-rich contribution is enriched along the exterior periphery, only in those eddy 
regions as the aluminous or calcic contributions. This orientation is asymmetric along the exterior 
of the sample, more enriched on the left side than the right. A possible explanation for this 
observation is that the Fe-rich phase was deposited on the forward side of the sample, possibly in 
conjunction with calcic or aluminous material, and was subsequently mixed into regions of 
relatively lower viscosity.  
The aluminous and calcic precursor are not always associated with the Fe-rich contribution 
and are incorporated to varying depths. Sample T13, for instance, shows an enriched Fe-rich 
contribution around the entire periphery of the sample and shows limited collocation with the 
aluminous and calcic enriched subdomains. Such a ring-like pattern, only 100-200 micrometers 
thick, may have originated from the condensation of the Fe-rich precursor vapor on to the sample 
surface under temperature and time conditions insufficient complete mixing. Similarly, samples 
T14, T17, and T19 show higher enrichment of the Fe-rich precursor along a thin band (~50 
micrometers) at the sample edge. This ring profile, similar to that in the literature  [4], and is 
substantially thinner than the band along the periphery of T13. Thinner rims may be due to cooler 
and briefer thermodynamic conditions at the time of incorporation.   
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In many cases rims are observed along compositionally distinct subdomains, as opposed to 
along the periphery, and shows that the deposition process involves these subdomains. In two the 
glasses, T13 and T14, the Fe-rich precursor band extends around compositionally distinct regions 
in the lower section of the sample, thereby highlighting these distinct regions in the MCR-ALS 
maps. In another sample, WS2, several outlined compositionally distinct subdomains observed, 
many of which are themselves enriched. The most notable subdomain, in this sample, is the 
adhered spherule on the exterior surface. This region is highly enriched in the Fe-rich precursor, 
and likely possesses a formation history independent of its host. Together, this evidence suggests 
that multiple melt parcels with very different formation histories may come together and mix to 
form some fallout samples. Thus, a sample may have several different – even conflicting – 
formation histories that define the compositional and radiochemical properties of the glassy fallout 
spherule. 
 
7.4.4 MCR-ALS Cross Section Map of the Ground-Glass upper surface 
 
To date, literature has not examined the relationship between ground-glass and 
aerodynamic fallout in a comprehensive way that considers compositional and textural evidence 
for different formation modes or dynamic. To answer these questions, the microscopic features in 
ground-glass using high resolution MCR-ALS maps were examined. A cross-sectional map of the 
uppermost 2mm surface of the ground glass sample GG3 was produced using two joined MCR-
ALS images in order to investigate compositional heterogeneity as a function of depth, and how it 
may differ from the trends observed in homogenous and heterogeneous fallout. In contrast to the 
aerodynamic samples, three basic behaviors were observed: first, a vertical gradient of increasing 
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feldspathic contribution, second, a gradient of decreasing aluminous and calcic contribution, and 
third, relatively uniform distribution of siliceous and Fe-rich contribution. Each of these features 
are examined, contrasting them with prior observations. 
The most apparent difference between the ground-glass and aerodynamic samples is the 
relatively long gradient in feldspathic enrichment, approximately 1.0 mm, compared to 
aerodynamic glass at approximately 0.1 mm. This is the first observation of such a gradient.  
Previous line-scan searches [83] and compositional mapping [33] routines did not reveal a similar 
trend. The origin of this gradient is likely not late-stage condensation of K or Na onto the surface, 
due to expected buoyant rise of these species in the fireball. More likely this feature reflects the 
rain out process [24], where lofted samples fall onto the molten surface after being leaving the 
cloud. This hypothesis is developed in greater detail in Chapter 8, but if this process contributes to 
compositional heterogeneity in the ground-glass, ground-glass must have remained molten longer 
than equivalent aerodynamic fallout of smaller size.  
Both the aluminous and calcic precursor contributions exhibit enrichment approximately 
1mm below the surface of the mapped ground-glass sample. Because these two model estimates 
are correlated, they likely describe a single compositional phase present in the melt. One possibility 
is that these capture variation from the feldspathic soil components that have experienced volatile 
loss and/or mixed with the calcic precursor. These compositions are difficult to distinguish from 
one another because of rotational ambiguity (see Chapter 3) and lack of selectivity for plagioclase 
or its fractionated products thereof. Since the aluminous/calcic layer is below the feldspathic layer, 
it most likely formed prior to the arrival of a rain out contribution. An alternative explanation is 
that this layer also constitutes part of the rain out layer, which is investigated further in Chapter 8. 
Both of these contributions show substantial stria, or flow banding structure, suggesting that 
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extensive convective flow occurred in the sample subsurface prior to quenching. Such flow may 
be induced by thermal gradients in the glass itself, bombardment during the rain out process, or 
shear flow induced by high velocity winds and updraft.  
In contrast to the first three precursor contributions explored, the siliceous contribution 
does not show spatial bias in its distribution. Rather, relatively the same number and size of 
siliceous subdomains are observed dispersed throughout the entire layer. These are generally larger 
than most siliceous subdomains observed in the aerodynamic fallout samples, but nonetheless 
show semi-euhedral or deformed profiles suggesting that they experienced temperature and time 
history that is potentially comparable to the aerodynamic samples. A slight systematic trend is 
observed wherein the uppermost subdomains exhibit greater flow banding profiles with higher 
aspect ratios than the deeper siliceous subdomains. The cause of this trend is unclear, although it 
may be due the collision of rain out materials introducing shear into the upper layers, or that these 
subdomains are part of the rain out materials and are colliding with the upper surface of the ground-
glass. Evidence supporting this hypothesis is found in the autoradiograph of sample GG3, Figure 
24, which shows concentration of radioactivity on or near the siliceous material in the upper later. 
Further, analyses by secondary ion mass spectrometry (SIMS) may be necessary to confirm 
activity in these materials. In either case, the most highly deformed and flow banded subdomains 
in the top layers all point in the same direction – downwards towards the bottom of the sample. 
This highlights the convective flow in the upper layer, and partially mirrors the distribution of the 
feldspathic contribution. 
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Figure 38. Compositional map of the uppermost surface of ground-glass.
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The Fe-rich precursor contribution is distributed uniformly throughout the uppermost 
surface of the ground-glass, though it also exhibits some of the flow banded structure of the 
aluminous and calcic rich regions. This contrasts the Fe-rich contribution in aerodynamic samples, 
which shows very distinct patters of enrichment as previously discussed. An important question to 
consider in this scenario is the effect of rotational ambiguity, which may cause the model to 
mistake the mafic soil constituents for condensed anthropogenic Fe. Using the spatial context, 
however, the overall direction of the Fe-rich stria is downwards, following the same flow banding 
lines as the feldspathic and siliceous stria. This pattern tends to suggest that much of the modeled 
Fe-rich precursor contribution rained out of the cloud with the feldspathic rich (and some siliceous 
rich) material prior to collision and incorporation into the upper surface of the ground-glass. 
 
7.5 Spatial Correlations between Activity and Modeled Precursors 
 
Radioactivity from actinide or fission products is an important signature of the vapor phase, 
which can be used to test whether the Fe-rich precursor composition is a condensate and how soil 
might be a control on its incorporation. Two different approaches were used: first, a cross 
comparison of contribution maps with the autoradiography in order to identify correlations 
between regions showing contrasts in activity and, second, an analysis of mean counts per pixel 
versus averaged precursor contribution for each of the samples. The first approach highlights 
relationships formed from physiochemical processes occurring in the sample, and is more specific 
to the Pu component because of the limited range of alpha particles in image plate (IP) emulsion 
[35, 43]. The second approach better accounts for physiochemical processes occurring outside the 
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sample, leading to correlations of precursor contribution and activity prior to incorporation due to 
analyzing absolute versus relative values. 
The feldspathic and siliceous precursor are both spatially anticorrelated to activity 
inthesample set, when comparing regions of enrichment in MCR-ALS map images to 
corresponding areas in the autoradiography. The extent to which this anticorrelation is observed 
depends on the enrichment of the precursor, however. Where the feldspathic contribution is high, 
activity is low. Sample T12 and WS2, for instance, shows little activity throughout the central 
region of high feldspathic enrichment. For regions of intermediate feldspathic enrichment, 
however, activity is collocated, such as along the exterior of sample T13.  
In all heterogenous samples and ground-glass, the siliceous rich subdomains are strongly 
anticorrelated with activity in regions where they are enriched. Sample WS2, for instance, shows 
a band of intermediate calcic/siliceous contribution with little or no activity. Yet, regions of low 
enrichment show different relationships. For instance, sample WS1 show a slight association of 
activity with regions of flow-banded siliceous precursor throughout the volumetric interior. In 
these cases, it is unlikely that the MCR-ALS model is capturing variation underlying the simple 
melting and mixing of a soil component.  
Contrasting the previous examples, the Fe-rich composition is nearly always correlated 
with activity. This relationship occurs along the sample’s periphery, such as the pattern in T13, or 
in conjunction with flow-banded eddy patterns such as in T12. This correlation holds at low 
contributions, throughout the interior (e.g T12), and at higher contributions along the exterior (e.g 
aluminous/calcic rich subdomains in T13 and WS2). One sample in particular, WS2, shows 
regions of increasing Fe-rich precursor contribution with corresponding increases in activity 
between corresponding subdomains and the attached spherule. This pattern of enrichment clearly 
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identifies a correlation between the Fe-rich contribution and activity that must have formed prior 
to deposition, incorporation, and mixing in these samples. This pattern suggests a vapor phase 
condensation process, which was examined as a mechanism by Weisz et al, [4]. In contrast to the 
aerodynamic samples, ground-glass has a more complex distribution of the Fe-rich precursor that 
is not well associated with the corresponding autoradiography, likely due to the associated Fe-
content being predominately soil-derived. 
 
 
Figure 39. The spatial correlation between activity and the Calcic/Fe-rich precursor. 
 
The mean sample precursor contribution was plotted, in Figure 39, against the mean sample 
pixel intensity from autoradiography, using class as a basis to understand systematic trends (mean 
sample activity values are shown in Table 12). Activity showed a positive correlation to the calcic 
and Fe-rich precursor contribution in the heterogenous samples. This correlation for activity in the 
calcic (R2=0.91) and the Fe-rich precursor contribution (R2=0.90). To an extent, these two 
compositions are collinear for the heterogenous samples, and may be describing mixing of a single 
Fe and Ca-rich component instead of two. Samples not within or near the confidence interval are 
considered outliers with respect to the linear trend defining heterogenous samples. Since these 
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outliers only consist of homogenous and ground-glasses, they may have formed in a different way 
that precludes the Fe-rich or calcic correlation to activity. Such discrepancies may underlie 
individual sample formation histories. For instance, sample T11 is both calcic rich but activity-
poor. Interestingly, those homogenous samples showing contributions similar to heterogenous 
glasses (T15 and T18) generally lay within or near the confidence interval – a relationship that is 
expected if these samples were simply better mixed versions of the heterogenous glasses. For 
ground-glass, which formed in situ, hot bomb-vapors probably didn’t directly interact with the 
melted soil. As such, most of the Fe-rich component probably describes mafic constituents. 
 
7.6 Summary and Conclusion 
 
 In this chapter compositional heterogeneity was examined using multivariate approaches. 
PCA was used as a “first pass” to understand the latent chemical correlations in the dataset. This 
revealed trends similar to mineral phases observed in the soil from Trinity. PCA and cross 
validation approaches were also used to estimate the chemical rank of the dataset, relating to the 
number of precursors involved with mixing. PCA was ineffective interpreting certain chemical 
heterogeneity, namely the Fe-rich and Al-rich trends, due to underlying assumptions of 
orthogonality. To overcome this limitation, MCR-ALS was applied using soil compositions as 
initialization values and equality values. The MCR-ALS identified five compositionally distinct 
precursor materials: the feldspathic, aluminous, siliceous, calcic, and Fe-rich compositions. Three 
of these are consistent with environmental compositions, the feldspathic, siliceous, and calcic 
compositions, while two are not well-represented, the aluminous and Fe-rich compositions. These 
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precursors better reflect a transformed soil component from evaporation and condensation, 
respectively.  
Using the new basis set established by MCR-ALS, the precursor contributions showed that 
the three of the homogenous samples were enriched in the aluminous rich composition not well 
expressed in the soil. Conversely, the heterogenous and ground-glass samples exhibit feldspathic 
and siliceous relationships consistent with soil mineral phases. Projected SEM-EDS compositional 
maps revealed enrichment of the Fe-rich precursor contribution along the exterior periphery of the 
samples, which is consistent with vapor deposition. This enrichment was also correlated with 
activity by autoradiography in the spatial and absolute sense, confirming its origin in the vapor 
state as well as its co-condensation with radioactive species onto the surface of fallout samples. 
Collectively, the work in this chapter provides evidence for understanding the physical and 
chemical processes occurring during formation. This work also demonstrated the utility of 
multivariate analytical techniques for understanding complex glass heterogeneities such as in 
Trinitite.
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CHAPTER 8: PROCESSES ACCOUNTING FOR HETEROGENEITY IN FALLOUT 
8.1 Introduction 
  
 Compositional heterogeneity in fallout have two possible origins, either the sources 
involved with the explosion or the physiochemical processes occurring during formation. Chapter 
7 examined compositional heterogeneity in a multivariate way by calculating a set of precursor 
compositions and contributions that are either represented in the soil or more representative of 
condensation and evaporation processes. This chapter further develops these observations, using 
the spatial context to better understand the physiochemical mechanisms that occur during fallout 
formation, and how these relate to the distribution of radioactivity through autoradiography. 
 
8.2 The Major Sources of Compositional Heterogeneity in Fallout Glass 
 
One of the main disagreements in the recent literature is whether the bulk composition of 
aerodynamic fallout is from the soil or a primary vapor component [5]. If compositional 
heterogeneity is inherited from soil compositions, it should reflect a mixture of the corresponding 
mineral phases. If heterogeneity is inherited from condensation, the debris should be chemically 
altered with respect to soil. Both of these models were tested by examining the PCA projection of 
the fallout data. In PC 1 versus PC 2, the chemical associations defined by the loadings appear 
consistent with major mineral phases in the soil data. For instance, K and Na are correlated in the 
melt glass due to their association in in the sediment (see Table 9), and are anti-correlated to Si 
from quartz, Ca from calcite, and the remaining Al, Fe, Mg, and Ti variation from minor mafic Al-
rich mineral phases. Scores from the first two principal components (Figure 29, Section 7.2.1) 
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constitute more evidence supporting this hypothesis because all heterogenous and two 
homogenous fallout samples, T15 and T18, lay within the same compositional space as ground-
glass. Since ground-glass never entered a vapor state [32], neither could have these aerodynamic 
samples. These preserved chemical relationships suggest that aerodynamic fallout is not grossly 
different from bulk soils drawn into the fireball, and are probably formed from mixing of 
environmental soil compositions.  
The MCR-ALS results confirm that mixing between environmental precursors are the 
major source of chemical heterogeneity in the heterogenous and two homogenous aerodynamic 
glasses. The interior of heterogenous fallout samples exhibits an abundant collection of feldspar 
composition with diffuse boundaries and larger pure SiO2 that show deformation and elongation, 
which is consistent with early optical assessments [8]. The contribution of these two components 
to heterogeneous and ground-glass, estimated at ~25-30% and ~45% (see Section 7.3.1, Figure 
33), are also consistent with site and mineral descriptions by Neal et al. [23] and similar to mineral 
grain point counts in the soil mount. Deformation and elongation of SiO2, especially abundant in 
the heterogeneous aerodynamic samples, occurs only during brief but high exposures to 
temperatures greatly exceeding the melting of quartz but less than the vaporization point [84, 85]. 
In tektites, such features form when SiO2 is raised to at least 2300K for tens of seconds [86]. These 
textures suggest that heterogeneous and ground-glass fallout originate as soil grains that were 
heated to high temperatures in the fireball and then rapidly quenched prior to chemical 
fractionation from crystallization [17, 20, 32]. 
Mixing between feldspathic and siliceous material explains most of the chemical variance 
in two homogenous samples, all heterogenous and ground-glass samples, but is inadequate for 
describing T11, T16, and WS1 homogenous glasses. The major source of compositional variation 
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in these samples is from the aluminous and calcic contribution at 39.1% - 48.9%, and 9.1% – 
20.9%, respectively. This difference suggests a distinct formation history from other fallout 
glasses. Further, the overall extent of this variation is much less than for other samples. Figure 35 
shows an illustration of hypothetical deformation or mixing time and temperature dependence. 
 
 
Figure 40. Illustrated dependence of sample aspect ratio and overall heterogeneity. 
 
To-date, relative homogeneity and heterogeneity have been considered in a qualitative way. 
To quantitatively assess scales of heterogeneity, the normalized concentration variance metric by 
Perugini et al., [87] was generalized to multivariate systems. This metric is used to quantitatively 
compare sample heterogeneity. Concentration variance is determined for individual samples, and 
normalized to the mean heterogeneous sample variance. The fraction of variance explained by an 
individual precursor contribution is also calculated: 
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1. Let !"# equal the major element concentrations from the product of the contribution vector 
ci and composition vector si. For the ith precursor, the proportion of variance (vari) over the 
sum of all precursor variances is:  
 $%&' = )*(!"#,!"#)∑ )*(!"#,!"#)/012 .     (19) 
 
2. Let ! be an m by p matrix of measurements on p major elements. The difference in the ith 
sample ic calculated, possessing mi number of measurements, by the subtracting each value 
form the sample mean: 34 = !# − 678' (note: 1 denotes a mi by p matrix of ones). The mean 
variance for D is then calculated by summing square differences and dividing by mi number 
of analyses. Normalized variance for the ith sample is calculated by dividing its variance 
with the mean heterogeneous sample variance. Thus, a value of one would indicate that a 
sample has the average amount of variance exhibited in a heterogeneous sample:   
 &$%&' = 9:(3#,3#);0< => 	∙	∑ 9:(3A,3A);B/B12 .    (20) 
 
 
 
163 
Table 17. Precursor variances and multivariate sample variance relative to the mean 
Sample Feldspathic* Aluminous Siliceous Calcic Fe-Rich Rvar* Class 
T11 0.1% 35.2% 26.6% 37.8% 0.3% 0.05 
Homogenous T15 16.6% 4.5% 65.1% 13.1% 0.6% 0.25 
T16 1.5% 43.0% 46.7% 8.5% 0.3% 0.20 
T18 16.2% 5.4% 67.9% 9.8% 0.7% 0.24 
WS1 3.3% 26.6% 66.8% 2.9% 0.4% 0.15   
T12 13.8% 3.4% 79.9% 2.7% 0.1% 0.68 
Heterogeneous 
T13 17.5% 3.5% 75.7% 3.1% 0.2% 0.86 
T14 14.2% 6.5% 69.6% 9.2% 0.5% 1.53 
T17 13.2% 2.7% 74.9% 8.6% 0.6% 1.13 
T19 14.3% 3.2% 75.7% 6.5% 0.3% 0.92 
WS2 5.1% 4.1% 76.8% 13.5% 0.6% 0.89 
GG1 16.6% 4.6% 74.2% 4.2% 0.4% 1.71 Ground Glass 
GG3 16.1% 3.4% 79.0% 1.3% 0.2% 1.36 
 
 
The results of this calculation, for individual samples, are shown in Table 17. Considering 
the sample variances, this calculation demonstrates that homogenous glasses possess ~18% of the 
compositional variance of heterogeneous glasses, while ground-glasses exhibit ~150% of the 
compositional variance of the heterogeneous glasses. This analysis highlights the remarkable 
uniformity of these glasses, with T11 exhibiting only 5% of the variance contained in an average 
heterogeneous glass. Homogenous samples, classified visually by autoradiography, are generally 
between 5 and 20 times less compositionally heterogeneous than other aerodynamic fallout. Melt 
heterogeneity, for equivalent shear rates, is known to display exponential variance decay with 
increasing time and temperature conditions [88]. Thus, the homogenous glasses most likely 
experienced greater mixing through advective and diffusive processes than the other fallout classes 
during the formation process.  
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8.2 The Formation of Homogenous Aerodynamic Fallout  
 
Fallout literature has generally considered the carrier melt to behave as an inert material in 
the fireball, formed from mixing between different soil components. Chemical evolution, in this 
model, occurs through mixing. Yet, the three homogenous glasses clearly show distinct Al rich 
compositions that cannot be explained by simple of feldspar, quartz, or calcite compositions. Three 
possible explanations for these compositions are considered, each illustrated in Figure 41. 
The first possible explanation for the aluminous composition is that it represents the 
incorporation and mixing of clay material, biotite, or decomposition products into the melt. This 
mechanism is illustrated in Figure 41a. Available geological surveys, and stratigraphy of the 
Trinity basin do show smectite, illite, and kaolinite compositions within several miles of ground 
zero [23]. The aluminous composition, however, does not show elemental concentrations that are 
consistent with these clay compositions. In general, the MCR-ALS resolved composition is more 
enriched in Al and Ca but depleted in Si and K relative to of smectite and illitic, compositions 
given in the literature [89]. Likewise, the aluminous composition exhibits similar Al and Si 
concentration to kaolinite, but with excess Ca, Fe, and Mg [90]. Microtextural evidence, or lack 
thereof, emphasizes the paucity of SiO2 rich inclusions that are so prevalent in the heterogenous 
samples. That aluminous-rich samples should lack such inclusions is unlikely, given that clays are 
typically very fine and would likely collide, agglomerate, and mix with the abundant quartz grains 
present at the site.  
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Figure 41. Hypothetical formation mechanisms for the homogenous aluminous-rich samples. 
 
A second possible explanation for the aluminous composition is that it represents the 
products of liquid phase reactions between differing melt components. This mechanism is 
illustrated in Figure 41b. K-feldspar and CaCO3 (calcite) or CaSO4 (gypsum) compositions, known 
to be present at the site, may react at temperatures at or near 1300K to form K2SO4 with a variety 
of different Ca-silicates or Ca-Al-silicates [91]. The alkali species, being more volatile than other 
reaction products, might either leave at high temperature or remain in the melt. Though plausible, 
such calcination generally proceeds slowly (~40 min) at lower temperatures conducted in these 
studies and may not occur substantially at seconds time scales. It is unknown the extent to which 
higher temperatures may quicken this rate. Notably, the EDS analysis in this work and EPMA 
measurements [32] do not show sulfate species in the melt, generally ruling out the possible 
involvement of gypsum. Other products of high temperature reactions of clays, feldspars and 
silicates include wollastonite (CaSiO3), mullite (Al6Si3O13), gehlenite (Ca2Al2SiO7), and anorthite 
(Ca2Al2SiO8) [92]. Of these, only anorthite shows any similarity, in terms of Al, Ca, and Si 
concentration, to the resolved aluminous precursor but without Mg and Fe components. In all of 
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these processes, multiple reaction zones form which would leave distinct chemical evidence. 
Considering the uniformity of these samples, bulk homogenous fallout glass compositions 
probably did not form from high temperature reaction products of the geologic constituents.  
The third possible explanation for the homogenous samples is that these are chemically 
altered melts from volatile loss. This mechanism is illustrated in Figure 41c. The aluminous 
precursor composition is enriched in Al, Ca, Fe, and Mg refractory species but depleted in Na, K, 
and Si elements. The equilibrium partial pressures of Al, Ca, Mg, and Fe major element oxides 
under oxidizing conditions at 3000K is lower than SiO2 (see Table 19), and are less likely to 
evaporate in comparison [10, 93]. Patterns of Al, Ca, Mg, and Fe enrichment have been observed 
in  heating experiments to 2700-3000K under oxidizing conditions and by MELTS calculation [94, 
95] of vapor composition over ultramafic and basaltic lava compositions at 1700K-3000K (though 
at low pressure), suggesting that these homogenous samples may undergo compositional change 
from volatile fractionation within this temperature range [96, 97]. Further evidence of extreme 
heating is observed on the basis of large mm sized Si-rich precursor eddies in WS1 and T16 (Figure 
45a and b, respectively). Note, this image is RGB where red is the feldspathic contribution, green 
is the aluminous, and blue is the siliceous. These microscale eddies are formed from nearly pure 
SiO2, which is normally viscous even at high temperatures and must have been heated to very high 
temperatures above 2300K to exhibit a flow pattern such as that observed [98]. These results 
appear consistent with recent measurements of Zn isotopes, suggesting evaporative fractionation 
in ground-glass [99]. Systematic differences in Si-rich precursor suggests that these samples 
underwent a variety of extreme time and temperature histories causing SiO2 loss and/or uniform 
mixing, which differentiate them from the heterogenous or ground-glasses from one another.  
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8.3 Melt Viscosity and Physical Mixing in Fallout 
 
Viscosity has been suggested as an important control on the incorporation of 
environmental, anthropogenic, and bomb debris during formation [35]. To investigate the 
importance of viscosity to mixing in the sample set, the corresponding viscosity values for the 
feldspathic, aluminous, and siliceous precursor compositions were calculated under relevant 
formation conditions. The results of this calculation are shown in Table 18. These three 
compositions form the bulk constituent of heterogeneous and homogenous samples and are 
expected to control the sample’s rheologic properties. These values are consistent with the range 
of values calculated previous in the literature by Eby et al. [33]. 
 
Table 18. Modeled viscosity of the precursors at 2100 K 
Precursor Viscosity  (Pa•s) 
Aluminous 6 × 10-3 
Feldspathic 4 × 101 
Siliceous 8 × 106 
 
Also calculated are the range bounded by averaged sample compositions in the 
heterogenous (including ground-glass) and heterogenous class. Though the bulk rheologic 
properties may be effected by the presence of partially melted solids, such as in the heterogenous 
samples, literature shows that a solids fraction of up to 10 or 20% do not substantially affect the 
results presented in figure 31 [100]. A non-Arrhenian model was used to calculate viscosity, at 
atmospheric pressure [101]. Note that SiO2 viscosity measurements [102] are used in lieu of 
calculation as pure silica exceeds abundance maximums in the model. The results of this 
calculation are shown in Figure 42 between 1000K and ~2100K, corresponding to the lower range 
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of temperatures bounding formation that are within the valid range for the model. As expected, 
viscosity is inversely related to SiO2 content of the composition, with the aluminous composition 
showing a lower viscosity across the entire range of temperatures versus the feldspathic and 
siliceous compositions. It follows that the homogenous samples are lower in viscosity than the 
heterogenous samples and span a larger range due to variable siliceous contributions as compared 
to heterogenous samples.  
 
 
 
 
Figure 42. Modeled viscosity of three precursors and mean sample compositions.  
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In melt systems, different rheological properties have been shown to affect mass transport 
and intermixing between domains that exhibit large viscosity differences of three decades or more 
[103]. Likewise, a similar mechanism has been proposed for fallout in order to explain the 
preservation of compositional heterogeneity across distinct subdomains [5, 33]. As such, the 
relative viscosity difference between SiO2 and other precursors in aerodynamic/ground-glass 
fallout, some 5 to 9 decades with values highest for SiO2, explains why SiO2 domains are unmixed 
and well preserved in these heterogenous and ground-glass samples. In the same way, relative 
viscosity also accounts for enriched subdomains of aluminous or calcic material are also preserved 
in heterogeneous samples, such as along the exterior periphery of T13 and T19. In contrast, the 
feldspathic composition rarely appears as a well-defined subdomain in heterogeneous fallout 
because the precursor viscosity is similar to the bulk heterogeneous melt composition. This 
difference implies that the feldspathic precursor, both K-rich and orthoclase, are more readily 
mixed, distributed, and homogenized throughout the volumetric bulk of the carrier materials. K2O 
and Na2O species diffuse much more rapidly in the melt due to their higher overall diffusivity 
relative to other oxide species, and are subject to more rapid and complete mixing than the network 
forming species [104]. Heterogenous samples, because of relatively limited mixing, retain a more 
distinct record of heterogeneity inherited either from the soil or later from collision and 
agglomeration processes occurring in the cloud than homogenous samples.  
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Figure 43. Chemical exchange between heterogenous layers in WS2. 
 
While relative viscosity may explain why large scales of compositional variation are 
preserved the heterogenous and ground-glasses, it cannot explain how disparate compositions are 
mixed to form homogenous regions or samples. Some trinitite/fallout literature has stated that the 
degree of melt interaction and mingling is minimal, but textural evidence of diffusive-convective 
dynamic in regions of heterogenous samples and homogenous samples show mixing between 
compositionally distinct subdomains in aerodynamic glasses [5, 33]. Sample WS2 in Figure 43 
panel a, for instance, shows filament-like flow banding patterns of feldspathic, aluminous, and 
siliceous contributions throughout one of the interior subdomains. A line analysis across a section 
of this sample, Figure 43 panel b, shows the characteristic gaussian shape from inter-diffusion 
between multiple compositionally distinct melts, with the separation between peaks estimated to 
be approximately ~10 µm. This length, corresponding the distance over which chemical diffusion 
occurs, is generally consistent to previous assessments of diffusive mass transport trinitite and 
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other fallout glasses. Analogous banding patterns are evident from compositional maps of non-
Trinitite fallout [4, 36]. Such banded melt structure is widely associated with laminar flow and 
chaotic mixing processes in the literature [5, 105, 106]. The homogenous samples T18 (see Figure 
35) show similar, albeit more thoroughly mixed, patterns throughout the volumetric bulk of the 
sample. The flow-banded textures in these samples only show moderate enrichment in precursor 
contributions, suggest that processes contributing to the deposition or formation of the precursor 
materials is incremental, gradual, or evolutionary as opposed to mixing of relict compositions 
present at or before initial melting. Such a dynamic tends to reduce viscous differences between 
different melt compositions, and enhance melt intermingling leading to homogenization [107].  
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Figure 44. Active and coherent mixing regions in sample T15 and WS2. 
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Previous studies have characterized the extent diffusion leads to mass-transport during 
fallout formation, but not fluid motion [4, 5, 13, 37]. Measurements of diffusion length scales in 
fallout, e.g ~10 µm, e.g [5], demonstrates that diffusive mass transport cannot result in 
homogenization across mm size samples over the time and temperature scales in the fireball for 
Trinity. Thus, advective transport is the most probable cause for mixing in fallout by substantially 
enhancing intermingling of different compositions. To investigate these patterns of heterogeneity, 
a three color RGB images of T15 and T12 was constructed and is shown in Figure 44. Using the 
highlighted streamlines in the upper left of T12 (Figure 44b) as evidence, fluid motion in fallout 
is caused by drag induced shear along the periphery of samples. To some extent this pattern is 
consistent with flow banding patterns in australite tektites, where atmospheric drag during second 
heating produces shear induced flow, film stripping, and circumferential flanges with internal flow 
banded patterns [108, 109]. Other literature shows streamlines along the forward edge of tektite 
glass forms, consistent in appearance to those highlighted in T12 [110]. Shear patterns are not 
always observed parallel to the sample periphery, such as T15 (Figure 44a). This may be due to 
either mounting orientation, or sample tumbling during flight that would result in random 
orientations through the course of formation.  
Flow at these sub-mm length scales is characterized by low Reynolds number (Re << 1) 
due to the small length scales, small velocity of flow, and high viscosity of samples. This flow 
regime constitutes a laminar flow, wherein the solution to equations of motion in the Navier-Stokes 
equation are approximately linear [111]. In three dimensions, fluid motion is characterized by a 
chaotic and nonlinear stretching and folding process that thins and redirects alternating layers of 
melt at progressively smaller length scales until diffusion homogenizes the compositional 
differences in the melt (e.g. [106, 111-115]). Chaotic mixing processes exhibit two outstanding 
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structural features: (1) an active zone, different melt compositions are dispersed throughout each 
other and interact through chemical exchange such as in T12 region 1 for feldspathic and 
aluminous compositions, and (2) a coherent zone where they are not so dispersed such as in T12 
region 2 for the aluminous composition [107]. Sample T15 shows similar banded patterns 
highlighting the active region but extending through the volumetric bulk of the sample. T15 also 
shows a coherent region of relatively less mixed feldspathic material. Regions of active mixing are 
important for understanding the incorporation or evaporation, mixing, and/or partitioning of 
volatile and vapor phase compositions. 
To better understand how viscosity controls incorporation, distribution, and mixing of 
heterogenous compositions, it is important to consider the how this parameter might affect flow. 
Viscous liquids exhibit, by definition, enhanced resistance to shear relative to less viscous 
compositions, with diminished tendency towards rapid flow. Though difficult to estimate how 
greater viscosity will change flow velocity without computation methods, an estimate can be made 
on how flow velocity can increase mixing. In chaotic mixing systems the homogenization time of 
chemical heterogeneity can be expressed using the expression derived by Raynal and Gence [116]: 
 !"#$$~ &'( )* (&+ ,     (21) 
 
Where !"#$$  is the relative homogenization time, L is the length scale under consideration, V is 
the velocity of fluid motion, and D is the diffusivity of the particular chemical species. Applying 
(1) to fallout, an increase V=100 µm/s to 1mm/s, with L = 100 µm (1/10th the sample diameter, 
see [14]) and D = ~1 × 10-13 m/s (estimated by [37] for U in fallout), a 1mm spherule takes 0.7 s 
and 5.8 s to homogenize, respectively. In contrast, the corresponding time (!"#$$ = /' 0⁄ , from 
[14]) calculated for diffusion is nearly 28 hours and diffusion cannot homogenize compositional 
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heterogeneity without physical dispersion and mixing. This numerical example shows that low 
viscosity subdomains become well-mixed, incorporating evaporative fractionation melt, 
condensation products, and/or radioactivity much more rapidly than higher viscosity subdomains. 
The same relationships apply to bulk compositions, wherein the low viscosity homogenous 
samples are mixed at a higher rate than heterogenous samples. Because viscosity depends on both 
composition and temperature, the thermal history of individual samples is very important to the 
extent of mixing (e.g see Figure 40), as is the characteristic length of the glass. Ground-glass, for 
instance, is approximately an order of magnitude larger than fallout and would take proportionally 
more time to mix. Two instances may occur where the interplay between physiochemical behavior 
and temperature history may alter the incorporation and mixing dynamics of the sample. One 
possibility is that high temperatures SiO2 from the siliceous precursor may be effectively mixed 
through the bulk thus increasing the viscosity of the sample and inhibiting further mixing, while 
the second is that high temperatures may cause loss of SiO2 from the sample actually decreasing 
sample viscosity and increasing further mixing. Further investigation is necessary to determine the 
extent to which these dynamics might affect mixing and incorporation of activity during formation.  
 
8.4 Agglomeration versus Mineral Assemblages 
 
Fallout carrier material originate from mineral phases and assemblages in the soil and 
should preserve a record of this heterogeneity through after melting in the fireball. Yet collision 
and agglomeration processes have long documented small attached spherules on larger host objects 
[10]. Differentiating between these two sources requires considering the probable geochemical 
relationships at ground zero, the compositional textures and spatial orientation of the possible 
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agglomerated subdomain, and the compositional similarity or dissimilarity of the subdomain to 
the volumetric bulk.  
While the homogenous samples are mostly featureless, compositionally distinct 
subdomains are evident on along the periphery of the sample. This spatial orientation contrasts the 
complex internal compositional features and texture of the heterogenous samples, both in the 
sample set and for aerodynamic fallout images in the literature [5, 17]. Due to extensive mixing 
and probable high temperatures that these samples experienced, discussed in the previous section, 
the compositionally distinct subdomains are probably not relict from the original precursor 
material. The proximity to the edge of the sample, rather, suggests that these materials collided 
and agglomerated onto the sample prior to quenching in the fireball. The textural characteristics 
of these regions differ between samples, showing a range of different time and temperature 
conditions accompanying the collision and agglomeration dynamic. T16 (Figure 45b) for instance, 
shows semi-euhedral siliceous subdomains, suggesting that these collided with and agglomerated 
at a relatively later time and lower temperature. In contrast, WS1 (Figure 45a) shows semi-
spherical siliceous compositions that must have undergone substantial heating in order to deform. 
Thus, single spherules may be characterized not by a single time and temperature history, but a 
variety of histories depending on the degree of interaction and individual trajectory of the samples 
through the cloud.   
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Figure 45. Two homogenous samples, WS1 and T16, showing evidence for mixing. 
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Figure 46. Agglomerated and relict compositional heterogeneity in T19 and T17. 
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The heterogenous samples show substantial compositional diversity not only on the 
exterior, but also throughout the interior. Two examples of this relationship are shown for samples 
T19 and T17 in Figure 46. On the periphery, this heterogeneity is mainly manifested in the form 
of amorphous aluminous and calic-rich regions, highlighted for T19 (Figure 46a inset 1 & 2), but 
with a relative paucity of feldspathic compositions. These aluminous rich regions are a similar 
composition to the larger homogenous samples, suggesting that these experiencing a greater time 
and temperature history than the volumetric bulk. The diameter of the carrier material is one of the 
main considerations for predicting radionuclide incorporation and dispersion, with smaller 
samples achieving equilibrium with the cloud quicker than larger samples [14]. For such 
agglomerates, evaporative loss leading melt fractionation is expected to proceed more rapidly for 
a given time and temperature history. That these regions are preserved, as opposed to the 
feldspathic grains or subdomains adhered to the homogenous sample, is probably due to 
differences in viscosity as discussed previously. Conversely, agglomeration and mixing of smaller 
diameter aluminous compositions in the homogenous sample would be quick due to similar 
viscosities – possibly explaining why these are not as observed as inclusions. 
The defining feature of the heterogenous samples are the volumetrically distributed angular 
or semi-euhedral shaped subdomains. These are usually centrally located, and somewhat larger in 
appearance than most of the previously discussed agglomeration features. Based on the analysis 
of the soil near the Trinity ground zero, these siliceous objects have two possible origins: the first 
is that they originate as individual grains in the soil before colliding and agglomerating with the 
feldspathic melt, the second option is that they were originally associated with the largely 
feldspathic composition in the melt as a granitic assemblage. The samples show a variety of 
different textural relationships supporting both of these different physical processes. Sample T19 
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for instance, Figure 46a, shows a dispersion of a relatively large number of small siliceous grains 
throughout the interior. In the homogenous samples, such small agglomerated siliceous 
subdomains are always located near the exterior of the sample due to surface tension effects. Yet, 
in T19 similarly sized subdomains are located far from the surface. This constitutes evidence that 
these features were originally associated with the melt when lofted into the fireball. Sample T17 
(Figure 46b), however, exhibits much larger angular grains that the other heterogenous samples. 
In this case, the siliceous composition may have collided with the bulk melt with enough inertial 
to fully incorporate into the melt. One recent study hypothesizes that compositional variance in 
heterogenous objects are solely due to collision and agglomeration phenomena, but the 
observations contradict this assessment [5]. More likely, compositional heterogeneity is both relict 
from the original precursor material and inherited through additional collision and agglomeration 
of siliceous objects in the cloud.   
 
8.5 Condensation and Deposition onto Aerodynamic Fallout 
 
One of the principal goals of current fallout work is to understand and predict condensation 
behavior of anthropogenic and environmental materials in the nuclear fireball. Since this 
physiochemical process generally separates refractory species from volatile ones, it controls 
fractionation of both radiogenic, anthropogenic structure, and environmental material. This 
fractionation process obfuscates chemical relationships initially present in the materials, making 
chemical interpretation or prediction of glassy products difficult. Most fallout literature uses 
historical studies on radioisotope fractionation, or low-pressure sequential condensation in the 
primitive solar nebula [117] in order to interpret or predict relationships stemming from the 
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condensation process in the cloud. Such models are typically extended to understanding chemical 
relationships from material, not originally present in the device (i.e. structural or environmental 
compositions) [4, 37]. The materials or compositions in question must be present as vaporized 
species initially for this analogy to work, which is unrealistic for bulk anthropogenic structural or 
environmental materials.  
When the nuclear fireball interacts with bulk anthropogenic structure or environmental 
materials, it must transform these solid-state compositions into a vapor. While temperatures in the 
fireball are high enough to vaporize all the initially incorporated materials, the majority consensus 
is that these conditions are too brief to adequately explain size or chemical characteristics of bulk 
fallout. As such, this investigation is limited to trace or minor-phase heterogeneity that has been 
diluted by extraneous materials. The kinetics of this process depends on the dynamics of ablation, 
involving material melting and evaporation, with subsequent diffusion and transport in a high 
temperature environment that results in an insulating or cooling effect [76]. Comparison of the 
chemical relationships in the condensate versus the soil may reveal whether kinetic or equilibrium 
processes control the composition of the vapor phase. For example, a refractory species might not 
evaporate fast enough to become a substantial component of the vapor state. The equilibrium vapor 
pressures of the major element species that are still in the liquid state 3000 K and 0.2 bar O2 are 
shown in Table 19, referenced from [82, 93]. 
Table 19. Equilibrium vapor pressure over major element species at 3000 K 
Oxide Equilibrium Pressure (bar)  
Al2O3 1 × 10-4 
CaO 7 × 10-3 
FeO 2 × 10-2 
MgO 1 × 10-2 
SiO2 2 × 10-1 
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Previous investigations considered the equilibrium vapor pressures of oxide or elemental 
species to understand sequential condensation in the fireball. Uninvestigated, however, was 
whether observed patterns of heterogeneity better capture relationships defined by the evaporation 
rates from the environmental substrate (i.e. a kinetically limited scenario). Though the exact 
mechanisms are complex, the evaporation rates by Lamoreux et al., [82, 93] are a suitable 
substitute for bounding calculations. The corresponding surface evaporation rates of the bulk pure 
oxides in the glasses at 3000 K and 0.2 bar O2 are shown in Table 20. 
 
Table 20. Evaporation rates for the bulk major element constituents at 3000 K 
Oxide Evaporation Rate (g cm-2 s-1)  
Al2O3 3.2 × 10-4 
CaO 5.6 × 10-3 
MgO 1.0 × 10-1 
SiO2 3.1 × 10-1 
 
Normalizing to SiO2 loss rate, this shows a relative mass loss for Al2O3, CaO, and MgO of 0.1%, 
2%, and 32% respectively. Thus, in a kinetic limited scenario, vapors from evaporating soil should 
be enriched in MgO, and SiO2 relative to Al2O3 in the unfractionated composition. Conversely, 
the melt must be enriched in Al2O3 and CaO relative to the vapor. This calculation is consistent 
with MELTS analysis of the vapor phase composition over lava a vacuum [97]. Such an 
interpretation is also consistent with the observation of well mixed, aluminous-enriched 
homogenous samples and may account for some of the non-equilibrium relationships examined by 
Bonamici et al. [39].   
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Chapter 7 discussed evidence suggesting that the Fe-rich composition was derived from 
the vapor state. The key question is whether or not the chemical associations in this hypothetical 
composition best resemble equilibrium or kinetic limited elemental volatility relationships. The 
main chemical attribute of the Fe-rich precursor are enrichments of Ca, Fe, Mg, and Ti, with 
corresponding depletion of Si relative to the other precursor estimates. Here, the anticorrelation 
between Ca, Mg, and Fe oxides versus Si appear consistent with the relatively lower vapor pressure 
of these species relative to Si oxides at higher temperatures (~3000K, see Table 19). Here, an 
interpretation is that Si is so abundant in the vapor state since it is more readily evaporated than 
the other species, and is more prevalent in the environmental substrate. Also notable is that the 
Trinity shot included a tower, much of which likely was vaporized due to its immediate proximity 
to the nuclear device. The proximity of the tower to the nuclear device probably accounts the high 
abundance of Fe in the vapor term. These element covariances are consistent with by recent 
studies, identified as some contribution from the vapor state [4, 5, 35, 37, 39]. Of note is that Al is 
not enriched in this precursor composition.  
In the literature Al was found to be anti-correlated to Fe, Ca, and Mg species at the interface 
between attached objects. Initially, this was a surprising result since the covariance of Al with Ca 
in plagioclase feldspars and Mg in amphiboles suggests that they would co-vaporize with Al oxide 
condensing out in the initial stages of the fireball. One explanation from the literature was that an 
abundance of Ca from anthropogenic concrete might have overwhelmed the contribution from 
vaporized Al species, but photographic evidence does not show obvious concrete structures 
proximate to the Trinity device [4, 27]. An interpretation is that Al is depleted in the vapor state, 
because its evaporation rate is low relative to Ca, Mg, Fe, or Si. Thus, Al is depleted in the vapor 
state relative to Ca, Mg, or Si because it is kinetically limited from establishing high abundances. 
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Thus, vapor in a near surface nuclear explosion might predominately consist of those sediment 
constituents most readily evaporated. 
 
 
Figure 47. The condensate as a homogenous nucleation site. 
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Figure 48. Condensate enrichment in agglomerated regions. 
 
Figure 49. The collocation between condensate and chemically fractionated regions. 
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Any vaporized composition in the nuclear fireball must eventually condense and interact 
with large volumes of sediment swept up into the cloud. Because these vaporized materials are 
incident onto these substrates, they should lead distinct compositional evidence along the periphery 
of samples where complete homogenization has not occurred. This mode of interaction has long 
been hypothesized in the early literature [10]. Such a pattern of deposition and enrichment is 
evident in the sample set, where the Fe-rich contribution is enriched along the periphery of samples 
T11, WS2, and T13,  (Figure 47b, Figure 48d, Figure 49e). These patterns validate the historical 
hypothesis that aerodynamic glasses act as carrier materials for the vapor condensate to deposit 
onto during formation.  
In contrast to this dynamic, two recent studies argue that the volumetric bulk of the glassy 
spherules are formed by non-equilibrium condensation with subsequent coalescence of primary 
condensate and mixing with soil compositions [5, 39]. The observations do not support this 
process, however. If the bulk fallout composition formed as suggested by the Bonamici et al., the 
primary condensate would be enriched within the volumetric interior. Further, these studies 
estimate that 60-70 wt% mass is made up by the vaporized material. Also, the vaporized 
component is hypothesized to constitute only a minor component of the overall sample mass [6]. 
The calculations show that the Fe-rich composition makes up at least ~4 wt% (see table 14) of the 
total mass of the sample and suggest that a small fraction of these samples originated as a vapor 
condensate. This conclusion is consistent with the hypothetical model from literature [6].     
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Figure 50. Three different modes of condensate incorporation in fallout. 
 
One of the fundamental questions relating to the vapor state is when and how it is deposited 
onto fallout. Three possible mechanisms for deposition and incorporation are illustrated in Figure 
50a-c. Historical literature has described two general models for the incorporation of the vapor 
condensate: first (a) the vapor becomes saturated, condenses at homogenous sites, and builds larger 
particles through coalescence, second (b) the molten carrier material act as heterogeneous 
nucleation sites for condensation [7, 10]. Although these formation models were originally applied 
to radionuclide products in the bomb debris, they have recently been used to explain deposition of 
condensed species at boundaries, or compositional variation within the fallout carrier materials 
themselves [4, 5, 37, 39].  Also, to be considered is which process dominates in Trinitite and how 
volatility affects the different deposition models (i.e does Na deposit and incorporate in the same 
way as the CaFeMg rich phases). In the sample set discussed in this work, the volatile precursor 
and siliceous component are collocated along the exterior periphery of 10 out of 11 glasses, which 
is consistent with similar observations on some interfaces in fallout from a different test.  
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The association of volatile and refractory components are commonly thought to be due to 
continuous condensation, deposition, and diffusion of species during cooling in the fireball [4, 15, 
37]. This process, heterogenous nucleation, seems to explain the relationships observed along 
some of the samples, e.g WS2 and T13 (Figure 48 and Figure 49), but is at odds with the textural 
features on some of the homogenous samples (e.g T11, Figure 47a). In this sample a high 
magnification compositional map, insets 1 and 2, show the presence of many small bleb-like 
feldspathic/siliceous compositions adhered along the exterior surface of the sample, enriched in 
the Fe-rich composition, and showing diameters ranging between 10-20 µm. This size range is 
approximately equivalent to that predicted by the early fallout literature from theoretical or 
physical considerations [7]. Thus, it seems that while both modes occur, heterogenous nucleation 
and agglomeration appear most prevalent. Small particles rapidly incorporate materials to reach 
equilibrium in their environment, so the small blebs offer a snapshot of late stage condensation 
processes immediately prior to collision and agglomeration [14]. Finally, the Q-residuals are 
relatively greater for these features, possibly due to some surface roughness near the edge of the 
spherule, but also because the composition is not well explained by the model.  
The condensation and deposition of the vapor phase, in historical formation models, 
hypothesize that refractory and volatile species are concentrated as some function of the radius. 
The dispersion might be explicitly defined, such as in the radial power law model, it may be an 
implicit part of the model such as in Miller’s two stage surface versus volume approach, or it may 
assume a continuous dispersion such as Norman and Winchell’s more detailed treatment of the 
condensation and distribution problem [2, 3, 15]. Agglomeration, depicted in Figure 50c, has been 
neglected. The observations show, however, that collision and agglomeration of multiple melt 
objects in the fireball can lead to non-uniform dispersions of condensate in a stochastic way, that 
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depends on the number of collisions events in the cloud. In 5 of 11 samples, this process can be 
observed to enhance or decrease the volumetric bulk composition of condensed species in a 
particular sample. Sample WS2, for example, exhibits multiple regions of substantially different 
compositions (Figure 48c), each due to the collision and agglomeration of different melt parcels 
in the fireball. Comparing region 1 to region 2 in this figure, the first showing only a thin ring of 
deposited Fe-rich contribution and the later showing well dispersed Fe-rich/volatile contribution 
in an attached spherule, shows that several time and temperature relationships may define the 
formation history of a single sample. Such processes may occur quite late when the cloud is cool, 
such as the object in Figure 49 that gives an appearance of being weakly fused to the volumetric 
bulk. Finally, the volumetric bulk of samples may not available for the volumetric dispersion of 
condensate species due incomplete melting or mixing. Sample T13,  Figure 49e, is an example 
where the Fe-rich contribution appears to have been limited to the peripheral layers of the glass. 
Given the spatial variation of the Fe-rich contributions, all three dynamic processes probably 
contribute to incorporation and distribution of condensate materials (and ultimately activity) in 
single samples.      
 
8.6 Deposition and Incorporation of Radioactivity into Fallout 
 
Autoradiography shows the presence of activity throughout most of volumetric bulk of the 
heterogeneous aerodynamic samples, and in subdomains of the ground-glass. Thus, all of the 
samples incorporate activity, having experienced some degree of interaction with bomb debris in 
the cloud. While the diffuse part of the signal is attributed to beta emitters, mainly 89Sr, 137Cs, or 
241Pu, local contrasts in activity are from 239Pu, 241Am or other mirror actinide isotopes thereof.  
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Inter-comparison of sample activity was performed by calculating averaged pixel intensity for each 
of the samples (see Table 12 Section 6.3). Aerodynamic glasses exhibit approximately one to two 
orders of magnitude or more activity than trinitite ground-glass, showing that this variety of fallout 
experienced a greater degree of interaction and mixing with bomb debris in the cloud. The 
relatively greater enrichment of activity on the upper surface of ground-glass, consistent with 
previous observations by multiple researchers, suggests that the main mode of interaction and 
activation of ground glass is the deposition aerodynamic melt onto the available molten surface 
[16, 24, 26, 31, 83]. Conversely, ground-glass represents some mixture of environmental material 
and vaporized debris that is more dilute than in the original aerodynamic samples. This relationship 
supports the “rain-out” theory, showing that the primary mode of interaction with activated product 
is on the available upper surface. As such, autoradiography shows that  aerodynamic and ground-
glass fallout varieties experienced distinctly different time, temperature, and formation histories  
[38].  
The analysis general confirms that two hypotheses from literature, co-condensation of 
activity with refractory elements, and enhanced mixing in low-viscosity regions, are the most 
likely processes controlling the incorporation and distribution of radioactivity in fallout [4, 5, 35]. 
In the first case, integrated activity from autoradiography is well-correlated to the Fe-rich and Ca 
precursor contributions in heterogenous fallout (see Figure 39, Section 7.4.1), showing that the 
correlation formed during co-condensation prior to mixing with carrier materials. This correlation 
is consistent with the relative volatility of PuO species under oxidizing conditions, ~3 × 10-6 Pa at 
2100K, which are also expected to behave in a refractory way under relevant formation conditions 
[118]. In the second case, samples such as T12 show definitively the association of activity with 
active mixing regions. 
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Some homogenous samples, namely T11 and T16, constitute a notable exception to co-
condensation of radioisotopes and the refractory condensate. One possibility is that homogenous 
samples formed in a region that was relatively depleted in the Fe-rich contribution, thus forming 
the homogenous nucleation sites onto which PuO or other species adsorbed prior to mixing and 
preservation of the correlation in the homogenous samples. Another possibility is that the 
aluminous-rich composition is not thermodynamically favorable for the deposition the vapor 
condensate. Historic literature describes how silicate rich materials show greater affinity for Rb2O 
than CaO-rich compositions on the basis of  [14]. Thus, lower Cs or Sr oxides fission product 
abundances may account for the lower activity of the homogenous samples through fractionation 
whilst condensing onto the molten carrier. More investigation is necessary to understand possible 
fractionation mechanisms imposed by carrier composition.   
The correlation between the Fe-rich contribution and activity in heterogenous samples 
shows that this relationship, formed during condensation, is preserved through mixing and 
dispersion of the condensate material. Viscosity appears to control the degree of mixing and 
volumetric dispersion of the radioactivity in the spatial sense, because activity is usually 
concentrated in regions exhibiting pronounced flow banding or eddy textures such as in T12. This 
is most obvious where other aluminous or calcic contribution has mixed through the volumetric 
bulk of the sample, in the regions of active mixing as discussed in Section 7.4. To an extent, the 
viscosity spatial correlation to activity is a challenging physiochemical problem because the 
collocation of the Fe-rich condensate products will generally reduce the viscosity of the silicate in 
which it mixes. If viscosity were the primary control on the incorporation of activity in the global 
sense, then the homogenous samples should be more active than the heterogenous samples because 
they are four to five orders of magnitude less viscous than the heterogenous and ground-glass 
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samples. Yet, the three aluminous-rich samples are not systematically higher activity than the other 
eight aerodynamic glasses. While this generally contradicts Holiday et al., [35] more investigation 
is necessary to fully understand and detail the role that the melt viscosity might have in enhancing 
activity incorporation.  
 
8.7 The Formation History of Ground-Glass 
 
A variety of explanations for the origin of ground-glass exist in the literature, including 
that it formed from fused soil [8, 9], “rain out” material lofted into the hot fireball and deposited 
onto the surface of the earth [38], or some combination of these two processes [24]. The evidence 
for the latter of these three hypotheses is the enrichment of activity on the upper surface of ground-
glass material. The results are consistent with this observation (see Figure 24), generally exhibiting 
regions of relatively high activity enrichment along the upper surface. This activity is collocated 
with regions of relatively low textural complexity, with an absence of void space or crystalline 
material by optical and BSE microscopy (see Figure 22 and Figure 27). In contrast, regions of high 
textural complexity are mostly absent of radioactivity. A high-resolution compositional map of the 
upper 2mm of GG3 shows streamline patterns, highlighted in Figure 51, suggesting advective 
movement of material from the surface in towards the interior. This image is a three color RGB 
image, where the feldspathic contribution is red, aluminous is green, and siliceous blue. These 
streamlines, orthogonal to the surface, could not have been produced from wind-driven shear but 
are consistent with impact and subsequent mixing by falling melt drops.  
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Figure 51. Compositional heterogeneity from the “rain-out” mechanism in ground-glass. 
 
Previous analyses have investigated vertical dependence or segregation in ground-glass, 
but found no evidence by line-scan analyses [83]. In contrast to these results, the high-resolution 
map (see Figure 38 or Figure 51) shows systematic and decreasing enrichment of the feldspathic 
component with increasing depth below the surface. This result is surprising, because the Fe-rich 
composition is well-correlated to activity, and activity is generally on the surface of ground-glass. 
This discrepancy may be due to random chance, since only a small section of the upper glassy 
region was mapped. These regions also exhibit high Q-residuals, suggesting that they deviate from 
the modeled feldspathic composition perhaps due to volatile fractionation of K versus Na. By 
calculating median contribution pixel intensity for each row of the image, a compositional profile 
 
 
194 
of the image is built. The resultant profile of this function appears as a quasi-logarithmic shaped 
decay curve, capturing a process of deposition on the surface and mixing throughout the interior. 
Based on this evidence, the upper layers of ground-glass reflect a late-stage deposition of melt 
enriched in K and Na volatile component. That smaller particles are enriched in volatile material 
is expected: such fallout stays in the cloud longer and is more likely to mixing with volatile 
radionuclides and vaporized K and Na species as is discussed in the historical literature [14]. This 
material cannot have been micrometer-sized like global fallout, however, because it would have 
been dispersed far from ground-zero and well after the ground-glass quenched. Yet, this material 
cannot have been too large because the zone of enriched feldspathic contribution only extends 
approximately 500 µm into the upper surface layer. Larger melt parcels are mixed to greater 
depths, as evidenced by discrete Ca,Al – rich melt subdomains in elemental maps of fallout [33].  
In conjunction with observations in the literature, these results suggest that ground-glass 
may be formed by a staged “rain-out” process. The first stage would involve aerodynamic fallout 
that was either particular large or fell out of the cloud at particularly early times and would form 
an intimate mixture with the still molten soil. The second stage would entail the deposition of 
smaller fallout that had remained in the cloud for a long enough time to incorporation volatile 
constituents such as K and Na, before falling out of the cloud and depositing within the upper 
layers of ground-glass.  
 
8.8 The Formation Dynamic 
 
Together, the different mechanism explaining compositional heterogeneity in fallout, 
evaporation, mixing, agglomeration, and condensation, each contribute to a dynamic system 
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contributing to the compositional variance observed in the glasses. A basic outline of these 
processes is shown in Figure 52, which poses a snapshot of qualitative formation model. 
Formation begins soon after t=0 when the nuclear explosive contacts the ground, rapidly 
introducing environmental material into the fireball. By this stage, anthropogenic material – bomb 
debris, diagnostic instrumentation, and support structure – have already been dispersed through 
the interior of the fireball and is rapidly evaporating, if not completely vaporized, in the high 
temperature environment (>100,000K) [1]. This initial process is shown by the dotted green arrow, 
material injected during the initial stages of the fireball. At these very high temperatures 
environmental materials would ablate, rapidly injecting both refractory and volatile elements into 
the cooling plasma. This is denoted by the red cloud in the figure. At first, soil and sediment must 
complete vaporize such that the composition of the plasma is a weighted contribution of the 
anthropogenic and bulk environmental composition. As the fireball cools it expands, incorporating 
more soil material. 
At some threshold temperature (>10,000K), the environmental material will no longer 
completely evaporate. At this stage, the cooling effect of ablation, the thermal inertia, and overall 
size of the sample becomes important. First, only relatively larger debris will survive, with smaller 
pieces of soil still evaporating. With continued cooling, however, smaller and smaller melt parcels 
will survive the high temperature gas. The hot gas becomes enriched in Mg, Si, K, and Na species, 
while the carrier melt should be enriched in Al and Ca that did not evaporate. As the fireball 
continues to grow, more material is scoured and incorporated into the rising plume of hot gas.  
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Figure 52. The fallout formation dynamic. 
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When the partial pressure of SiO2 or Fe in the fireball falls below the respective saturated 
vapor pressure (T=3000K), condensation begins via homogenous nucleation. This is denoted by 
the red arrows in the figure. Condensation may also occur on heterogenous nucleation sites 
(depicted by the small black points in the figure), which would probably consist largely of 
evaporation fractionated material from the preceding stages. Refractory bomb debris would also 
co-condense with the soil components. Incorporated soil, due to high heating and ablation, would 
be Al and Ca rich, Si depleted and well mixed, which matches the characteristics of the 
homogenous samples. The injection of these materials is shown by the green arrows, while the 
homogenous melt itself is denoted by the stripped circle. Note, that the condensate would be 
deposited on the exterior periphery of these materials as depicted by the red outline. 
Environmental material introduced into the rising vapor cloud after the onset of 
condensation would probably not ablate after the onset of condensation, due to the relatively lower 
temperature of the fireball and unfavorable SiO2 partial pressure for evaporation. Instead, these 
samples would melt and homogenize such as the feldspathic rich homogenous samples observed. 
Condensation would occur, depositing refractory constituents onto the exterior surface, while 
evaporation of volatile K and Na would simultaneously occur leading to continued enrichment of 
volatile constituents in the vapor state. 
At an intermediate point during adiabatic rise and cooling of the cloud, soil introduced into 
the cloud will no longer completely mix due to insufficient temperature. The injection of these 
materials is represented by the green arrow, while their heterogenous features are shown using a 
dotted circle in the figure. Around this time the volatile constituents in the cloud, K and Na, will 
condense out onto available surfaces, as denoted by the blue outline in the figure. This may be the 
distribution of 1-20 µm diameter aerosol from the homogenous nucleation sites, small parcels of 
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soil from the smallest size fraction, homogenous samples, or heterogenous samples. Because the 
available surface of the small size fraction is greater, the volatile deposition would preferentially 
deposit on these. It follows that some of the homogenous and small heterogenous nucleation sites 
will collide with the homogenous or heterogenous fallout samples, and some will not and become 
global fallout. This period would constitute the deposition of small blebs on the exterior surface 
of T11.  
Relatively larger heterogenous nuclei (~100 µm) with different thermal histories in the 
fireball may collide and agglomeration at this time, resulting in a variety of different textural 
characteristics and distributions within the subdomain. Agglomeration in the figure is represented 
by the orange dotted lines. Those subdomains incident on the homogenous samples may mix better 
than those on heterogenous samples due to the substantially lower viscosity. At the very latest 
stages of agglomeration, right before quenching, the melt parcels might adhere to the surface of 
the sample, producing morphologically distinct spherules features such as on WS2. Each one of 
these possibilities are outlined by the black features within the interior of the fallout. The degree 
of deformation corresponds to a cartoon illustration of the effect of viscosity and enhanced mixing 
in the homogenous samples. 
As fallout leaves the cloud, some of it impacts the still molten surface at ground zero. This 
material would tend to deposit the incorporated activity from the cloud onto the surface of the 
ground-glass, as shown by the autoradiography and would be consistent some aspects of the “rain-
out” hypothesis. These are depicted in the figure as fallout falling on the upper surface of the 
irregular shaped glass form. Relict homogenous samples would lead to the aluminous Ca rich 
regions observed by Eby et al., [33]. At an even later stage, smaller size fractions enriched in 
volatile constituents drift out of the cloud and are deposited on the surface as well. Late stage 
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deposition of these particles would explain the enrichment of K and Na in the uppermost surface 
of ground-glass.  
 
8.9 Conclusion 
 
 This chapter presents important evidence that supports or refutes hypothesis on fallout 
formation in both the historic and modern literature, thereby contributing to a refined 
understanding of fallout formation. First, analysis of relict compositional heterogeneity and 
precursor abundance confirms that most fallout samples preserve compositional relationships that 
are expected in the soil. This heterogeneity shows that most of the carrier melt is derived from the 
environment, which is a conclusion that is consistent with some of the earliest literature [7, 10, 
22].  
Second, the analysis of the deposition and incorporation of the condensate confirms that 
this material is deposited on the exterior of the carrier melt and subsequently mixed into the interior 
[13, 14]. The results of this chapter, however, provide far greater detail showing the importance of 
mixing processes during deposition and incorporation of the vaporized material throughout the 
interior of these glassy objects. Previous studies have discussed mixing and its relationship to 
differences in viscosity (e.g. [5, 33]), but none have discussed the complex underlying patterns of 
heterogeneity showing laminar chaotic or turbulent advection or their relationship to radiogenic 
heterogeneity. This chapter also discusses a previously under-developed effect, which is the 
enrichment of activity in agglomerates that may enhance the overall uptake of activity by local 
fallout.  
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Third, this chapter confirms that evaporation is an important process during fallout 
formation that results in fractionation of the carrier melt. Previous analyses have observed 
enrichment in Al concentration underlying volatile loss [34], but did not identify the specific 
subpopulation of homogenous samples that are a direct result of the process. These results may 
also explain why Al does not readily enter the vapor-state (investigated by [4]), which is that it 
evaporates too slowly to do so during the initial hotter period in the fireball. All three of these 
refute  
  Perhaps the most novel contribution of this work, however, is the integration of each 
physiochemical process into a coherent description of the carrier melt heterogeneity and evolution 
during formation in the fireball. This result provides a qualitative model that relates underlying 
environmental compositions to the resultant fallout glass forms and radioactive distributions 
therein. Quantitating this description is necessary in order to answer the question “what does urban 
post-detonation glass look, what is its radiogenic hazard, and what is its environmental 
consequence?”. This question is answered in more detail in Chapter 10.
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CHAPTER 9: ISOTOPIC HETEROGENEITY IN FALLOUT GLASS 
9.1 Introduction and Motivation 
 
The previous chapters discuss compositional heterogeneity originating from different 
precursors and physiochemical processes with the nuclear explosion. This latent chemical 
heterogeneity exhibited spatially correlated relationships to remnant activity (by autoradiography) 
from the device. Unfortunately, autoradiography is an energy integrating technique and cannot 
identify radionuclides, which makes spatial analysis of radiochemical composition difficult. 
Secondary ion mass spectrometry (SIMS) was used to overcome this challenge because it can 
detect and quantify trace radionuclide abundances. This technique was applied to (1) identify the 
isotopic composition and abundances of plutonium from the device for comparison with literature 
values, (2) characterize the relationship between activity and Pu concentration throughout the 
interior of samples, and (3) examine the enrichment or depletion of Pu along the exterior periphery 
of the sample to investigate the deposition mechanism. These analyses were conducted as a 
preliminary investigation into the Pu heterogeneity of Trinitite fallout.  
 
9.2 Analyses of Pu-bearing Standard Glasses 
  
Two in-house glass standards, UPI and UPO, were used to constrain the effect of 
instrumental mass fractionation on 240Pu/239Pu in the glass. Both glasses were doped with Pu and 
U. The element Pu was from the same isotopic source for both glasses while the U came from two 
different isotopic sources. Bulk and isotopic composition of both UPI and UPO glasses are shown 
in Table 21, Table 22, and Table 23. These values were determined in-house through isotope ratio 
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mass-spectrometry. Operating conditions for analyses of UPI and UPO are described in Chapter 
2. A total of 20 analyses were made over the course of six runs, with the individual results shown 
in Table 27 and Table 28, both in appendix G.  
 
Table 21. Major element concentration of UPI and UPO standard glasses 
Standard Al Ca Fe K Mg Mn Na Si Ti 
UPI/UPO* 6.64 11.64 0.20 5.85 4.35 0.01 0.07 26.40 0.05 
*Note: Error on major element composition not given for this standard 
 
Table 22. Uranium isotope abundances in UPI and UPO standard glasses 
Standard U (ppm) 234U % 235U % 236U % 238U % 
UPI 496±28* 1.0667±0.0121 92.321±0.704 0.2004±0.0045 6.412±0.7202 
UPO 60±2  0.92±0.04 79.65±4.15 0.18±0.01 19.27±4.20 
*Note: Error on abundance are ±1σ 
 
Table 23. Plutonium isotopic composition in UPI and UPO standard glasses 
Standard 
Pu 
assay* 238Pu/239Pu 240Pu/239Pu 241Pu/239Pu 242Pu/239Pu 
UPI 50ppm 6.20E-05±2.0E-06 5.54E-02±8.0E-05 4.01E-04±2.3E-05 2.12E-04±1.9E-05 
UPO 8ppm "." "." "." "." 
*Note: Error on Pu abundance not given for this standard, errors on ratios are ±1σ 
 
The mean and standard error (S.E) were calculated from the measurements on 240Pu/239Pu 
in UPI and UPO. These values are 5.33 × 10'( ± 7.62	 × 10'. and 5.60 × 10'( ± 9.21	 × 10'., 
respectively. The standard UPI is lower than Pu ratio, outside of uncertainty, while UPO is 
consistent within uncertainty. The cause for this discrepancy is the overall drift in instrumental 
mass bias over the course of the analyses, since UPI was measured on more occasions throughout 
the course of the run. Overall, these suggest that instrumental mass fractionation may contribute 
up to ~4% relative deviation on measured 240Pu/239Pu ratios in fallout glass. 
 
 
203 
 
9.2.1 The Determination of RSF from the Pu Standard Glasses 
 
 The RSF was calculated from Equation 2, reproduced here, by using the reported Ca 
concentration, Pu abundance, 240Pu/239Pu isotopic ratio, 239Pu/48Ca ratio from analyses of UPO, 
and natural 48Ca isotopic abundance:  
 01 = 03 ∙ 5671 898:     (2) 
 
The isotope 30Si and 28Si were not used for calculating the RSF because of difficulties employing 
either the electron multiplier or faraday cup, as discussed in Chapter 2. While 27Al16O+ is also 
sufficient for calculating RSF, Ca appeared to vary less in fallout samples near the regions of 
interest and thus constituted a better choice. The standard UPO was chosen over UPI because it 
was more representative of the approximate magnitude of Pu concentrations expected in fallout 
based on assessments in the literature [20]. The result of the calculation was RSFPu = 4.29 × 10'< ± 4.2 × 10'., with the error as 1σ. Though not readily comparable to literature since 
no published data exist for Pu/Ca, this value is within an order of magnitude for  a U/Si RSF value 
calculated by [119].  
 
9.3 The Sampling Approach and General Overview of NanoSIMS Analysis Locations 
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Figure 53. Locations of NanoSIMS analyses on two representative samples. 
 
 A representative heterogenous sample, WS2, was used to investigate the relationship 
between activity and Pu concentration. This sample, shown in Figure 53, exhibited a high degree 
of heterogeneity in composition and activity, making it suitable for analysis across different 
domains with a single transect shown as line A. A distinct spherule is also adhered to this sample, 
which shows greater activity than in the host object. Transect B starts at the periphery of the 
adhered object to the interface with the host object. A similar, but subsumed, object was 
investigated on homogenous sample WS1 along transects A and B. These analyses were expected 
to better detail enrichment (or depletion) of Pu in compositionally distinct objects that were 
subsumed prior to quenching. Finally, line transects C and D were taken near the periphery of WS2 
to investigate the deposition and incorporation of Pu on the exterior of the sample.  
 
9.4 The 240Pu/239Pu Ratio Measured in Trinitite 
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 The 240Pu/239Pu ratio and standard error of all the Trinitite analyses is 0.031 ± 0.001. This 
value is broadly consistent with the upper range of LA-ICP-MS analyses of Trinitite ground-glass 
by [29]. 
 
9.4.1 The Relationship between Pu and Activity Across the Midsection of a Sample 
  
To determine the relationship of Pu abundance with activity by autoradiography, 24 
individual raster image analyses were measured across the midsection of the heterogenous sample 
WS2 (Figure 54). As this region exhibits substantial heterogeneity in activity, the expectation is 
that it should also exhibit heterogeneity in Pu concentration. 
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Figure 54. Optical, EDS, and autoradiography images of SIMS analyzed region. 
  
The Pu concentration was estimated using Equation 2 from Chapter 2 to predict abundance 
from 239Pu/48Ca ratio and estimated Ca abundance from the corresponding map image. The error 
was propagated from uncertainty on the RSF determination, which was expected to be the primary 
source of uncertainty on concentrations. Ca for the RSF determination was estimated by examining 
the EDS map near the location for each NanoSIMS analysis in WS2 (see Figure 90). The results 
of this analysis are tabulated against relative distance in Table 29, in appendix G. A plot of Pu 
concentration with distance appears in Figure 55a. In this figure, the distance corresponds to the 
Euclidean distance from analyses spot 1 in Figure 54. All error bars represent 1σ error estimates. 
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Also shown in Figure 55b is the relative Ca concentration, calculated from pixels in the 
corresponding Ca map in the same vicinity and direction as the NanoSIMS transect. 
 
 
Figure 55. Pu and relative Ca abundance across a NanoSIMS line transect of a heterogenous sample. 
 
The results of the NanoSIMS analysis shows an increase in the Pu concentration in the 
compositionally distinct region bounded by the first five points. This region has approximately 
four times the Pu concentration as compared to the interior Ca-enriched region corresponding to 
analyses 6-21 (~2ppm versus 0.5ppm) and well-defined by Figure 55b. The Pu distribution within 
this central Ca rich region is quasi-uniform, excepting spot 16, which was anomalously enriched. 
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This may be due to the intersection of the transect with the boundary between the Ca-depleted and 
enriched regions, which is marked by the decline in relative Ca abundance near 1100 µm. In 
Chapter 8, the central Ca-rich region was interpreted as a separate melt parcel that agglomerated 
relatively early on during formation of the sample. The enrichment of Pu at this region is consistent 
with the deposition of a vapor condensate prior to agglomeration. Overall, the enrichment and 
depletion relationships in Pu appear consistent with the heterogenous patterns of radioactivity by 
autoradiography, confirming that autoradiography is a good proxy for understanding actinide 
distribution in Trinitite. Further, the last three points intersect the activity enriched agglomerated 
feature opposite to the origin of the line-scan. This region seems to exhibit enhanced activity, 
which is consistent with >2ppm concentrations of Pu near this region. The Pu concentration of 
fallout, ranging between 0.5 and 2 ppm, is substantially enhanced relative to reported enrichments 
of 0.2 – 0.4 ppm Pu [20] in the most activity rich eddied regions of ground-glass.  
 
9.4.2 The Incorporation of Activity in Agglomerated Regions 
 
In Chapter 8, compositionally distinct regions that had adhered or subsumed with a host 
object were shown to exhibit enhanced activity relative to the volumetric bulk. These results were 
based, in part, on sample WS2 because it is the only glass that exhibits an adhered melt parcel. 
NanoSIMS was used to examine this behavior on an agglomerated spherule adhered to exterior of 
WS2, and to understand whether the activity resulted from Pu or other species. A line transect was 
evaluated from the furthest periphery >250µm to the interior of the adhered melt, denoted by line 
B in Figure 53 and shown in greater detail in Figure 50. In total, seven analyses were conducted 
on the feature and are recorded in Table 30 in appendix G. The object shows a relatively uniform 
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distribution of Pu with an average concentration of 2.7 ppm that terminates at the host object 
containing only 1.58 ppm Pu. The relative enrichment of the agglomerate compared to the host 
shows that these attached objects may preferentially incorporate radioactivity in the fireball.   
 
 
Figure 56. NanoSIMS analysis of an agglomerated melt parcel. 
 
Plutonium concentrations were measured in two line transects on the edge of homogenous 
sample WS1. This region is showed at high magnification in Figure 57, denoted by line transect A 
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and B. These lines comprised 8 and 6 NanoSIMS analyses, respectively. The results of these 
analyses are recorded in Table 31 and Table 32 in appendix G. In contrast to the adhered object in 
WS2, the analyzed region represents a compositionally distinct melt parcel that was partially 
subsumed into the host object. Similar to the agglomerated melt in WS2, the compositionally 
distinct glass exhibits a quasi-uniform distribution of Pu between 2-2.5 ppm throughout the interior 
region. This result is confirmed by both line transects, which provide a more robust result than a 
single transect alone. The Pu concentration is observed to decrease by a factor of ~4 approximately 
100 µm into the interior of the melt, where it reflects the composition of the host. In both 
heterogenous and homogenous cases, for adhered and subsumed melt, the overall pattern of Pu 
deposition remains the same. 
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Figure 57. Two line transects of a subsumed object in a homogenous spherule. 
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The results of this analysis confirm that these agglomerated features preferentially 
incorporated Pu prior to their collision and agglomeration to the larger carrier melt, whether 
adhered to a homogenous or heterogenous host. As the observed agglomerate compositions along 
the periphery must have arrived relatively later in the formation process, it is an important source 
of actinide contribution to aerodynamic melts even after condensation of these species end. Such 
behavior contrasts the overall pattern of heterogeneity expected from Freiling or Miller models, 
because in either case, refractory actinide concentrations are expected to be uniformly distributed 
through the interior of the sample. Non-homogenous distributions of the actinides towards the 
surface tends to increase the correlation between Pu and volatile fission products and likely the 
dose rate as well as self-attenuation is minimized. The samples and examined regions in this study 
show that the Pu actinide component may be very heterogeneously distributed, both along the 
exterior or in the interior due to agglomeration processes. 
 
9.4.3 The Late-Stage Deposition of Pu along the Exterior Periphery of a Sample 
 
Previous analyses document the localized enrichment of bomb-derived 235U on the 
interface between occluded objects, which suggests that this actinide component is deposited at 
late stage during fallout formation. Yet it is unclear whether this deposition only occurs for U 
(literature documents a U-fueled test) or if other actinides such as Pu show a similar profile. 
Autoradiography results in Figure 24 provide evidence suggesting enrichment of Pu along the 
exterior of the sample, but the results are qualitative and not conclusive. To better document the 
behavior of Pu in Trinitite, NanoSIMS was used to investigate two line transects of the exterior 
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periphery of WS-2 as shown in Figure 53. These consisted of 6 and 5 analyses, respectively. The 
results are recorded in Table 33 and Table 34 of appendix G. The results are also plotted in Figure 
58. 
Overall, these figures show monotonically decreasing concentrations of Pu from the 
exterior periphery inwards for the heterogenous sample. As with the previous line transect, these 
results are more robust since both investigations reveal the same decreasing pattern. Notably, these 
analyses record the regions of highest Pu concentration within the particular sample. The 
maximum concentration in this set is 6.3 ± 0.6 ppm in location 1 of line A, which is nearly a factor 
of six times enriched relative to the Pu abundance in the host.   
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Figure 58. Two line transects on a rim of a heterogenous sample. 
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 The NanoSIMS results show that Pu constitutes a late-stage deposition along the exterior 
periphery of fallout. In the early Freiling and Miller models, the late-stage materials are expected 
to be volatile constituents, which is inconsistent with the high temperature behavior of Pu [118] 
and its deposition on the edge. One explanation in a later Freiling model [14] is that the enrichment 
of Pu along the exterior reflects an underlying deposition, diffusion, and quenching (or closure) of 
the glass form. The profile lengths from these measurements, however, are between four and eight 
times the expected characteristic diffusion length based on previous work (80 µm versus 10-20 µm 
characteristic pathlength for U). One possibility is that the deposition of Pu is enhanced at later 
times in the fireball from the collision and agglomeration of fine melt parcels such as identified 
along the rim of a homogenous sample in Chapter 8 (Figure 48). Bombardment and mixing of 
these melt parcels at a late stage may result in a layer of highly active Pu-bearing glass that is 
subject to diffusion-advective mixing inwards through the quenching process. 
 
9.5 Conclusion 
 
 Preliminary NanoSIMS analyses helped to refine the conclusions of the previous chapters. 
First, these analyses demonstrated that contrasts in autoradiography images capture heterogeneity 
in the Pu distribution of Trinity glasses. This correlation holds true across the midsection of the 
heterogenous sample and shows that Pu is present even in the relatively lower activity region. 
Second, these analyses show that agglomerated samples are enriched in Pu relative to their host 
objects. This relationship demonstrates the importance of agglomeration in the deposition, 
incorporation, and distribution of Pu in glasses from nuclear explosions. Finally, analysis of the 
exterior shows an enrichment of Pu that contradicts the spatial relationship expected from 
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historical literature. Such regions of high activity may result from either a continuous process of 
deposition and diffusion during quenching, or from the deposition and incorporation of very fine 
melts. 
 Future work on these materials using NanoSIMS would benefit from a careful analysis of 
Pu distribution in the standard glasses. The standards have not be assessed for the degree of 
actinide heterogeneity in these materials. Also, quantifying the lower limit of detection may 
become very important to understanding the lowest Pu abundances in regions of very low relative 
actinide incorporation. Additionally, quantifying the extent of 238UH+ formation is required to 
provide accurate and precise determinations of isotopic heterogeneity. Finally, SIMS or 
NanoSIMS is a useful technique that has been applied not just to Pu but also U in such glasses in 
order to understand their behavior in a more comprehensive way.   
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CHAPTER 10: CONCLUSION AND FUTURE WORK 
10.1 Introduction  
 
 Fallout glasses exhibit compositional heterogeneity from the different compositional 
sources involved in the nuclear explosion as well as the physical and chemical processes that occur 
during formation. Predicting fallout radiogenic and environmental hazard in an urban 
emplacement requires understanding these processes and describing how they may influence 
deposition and incorporation of radioactivity. As such, the hypothesis of this dissertation is that 
condensation, evaporation, mixing, and agglomeration processes established a control on the 
deposition and incorporation of radioactivity during Trinitite formation. A two-step approach was 
used to test the hypothesis: First, a multivariate approach was developed for interpreting 
compositional heterogeneity, and second, spatially resolved analyses were made in order to 
characterize the processes. 
The first step was to develop a multivariate approach to extract and interpret latent patterns 
of chemical heterogeneity in fallout. This methodology effectively unmixed the variation in 
fallout, permitting identification of heterogeneity from sources versus that from processes. 
Development of the numerical method was accomplished through comparison of PCA, CLS, and 
MCR-ALS chemometric codes on synthetic data representing geochemical mixtures expected at 
the Trinity site. While each of these approaches have been widely discussed and presented in the 
literature [49, 52, 55, 56], they have not been compared and examined for the purposes of analyzing 
geochemical variation from energetic melts. A detailed investigation into the nature and role of 
constraints was performed and validated, including discussion on solving problems using both 
constrained and unconstrained factors. This contribution, unique in the literature, may establish a 
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useful basis for more detailed mathematical investigation. Detailed investigation and adaptation of 
chemometric routines lead to an optimal approach to distinguishing between environmental and 
minor anthropogenic/vapor sources contributing to fallout. This work is summarized in Section 
10.2.  
The second step was to investigate the key processes occurring in the environmental 
material and relate them back to radiochemical deposition and incorporation. To accomplish this 
aim, the set of radiochemical, isotopic, and compositional analytical tools discussed in Chapter 2 
were applied to fallout. While compositional mapping [5, 20], isotopic analyses [4, 36, 37], and 
radiometric approaches [26, 30] have been in the previous literature, this study constitutes the first 
thorough use of these approaches in combination with multivariate optimization routines. In 
discriminating environmental compositions from anthropogenic or vaporized components, this 
work better evaluates how the soil is a controlling factor enhancing or inhibiting deposition and 
incorporation of radioactivity than previous work. This study is distinguished by the high 
resolution of the compositional analyses, which permit a more thorough investigation of micro-
textural evidence underlying condensation, mixing, and evaporation processes during formation 
(see Section 10.3). This is also the first study describing two key subpopulations of fallout on the 
basis of Al content, homogenous and heterogenous, and relating these to the evaporation process 
occurring in the fireball. Collectively, these processes are discussed in relationship to an overall 
portrait of fallout formation. This qualitative model uniquely links each of the different 
morphologies and compositionally distinct subpopulations to the physical and chemical dynamic 
creating them. This work forms the basis for predicting heterogenous glass forms from untested 
environments.     
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10.2 Comparing and Adapting Multivariate Models for Understanding Geochemical Data  
 
Near-surface nuclear explosions in silicate-rich environments produce compositionally 
heterogenous glasses such as tektites and fallout. These glassy byproducts, the background 
literature of which are discussed in Chapter 1, constitute a compositional record of an unknown 
vapor combined with compositionally heterogenous environmental materials. The energetic 
formation process often results in incomplete mixing in the resulting glasses. While this chemical 
heterogeneity can theoretically be interpreted to understand the starting conditions of the system, 
individual source materials may have overlapping element abundances and chemical behaviors 
that complicate interpretation using tools such as bivariate analysis. To better understand formation 
processes accounting for these heterogeneities, this dissertation records multiple radiometric and 
compositional analyses, discussed in Chapter 2, on more than a dozen samples and develops the 
mathematical tools and insight to understand them. 
Chapter 3 develops and compares multivariate linear-least squares approaches to 
understanding major element relationships in compositionally heterogenous glasses. This chapter 
compares classical least squares (CLS) and principal component analysis (PCA) with two 
multivariate curve resolution–alternating least squares (MCR-ALS) optimization techniques that 
are novel in this application. These different approaches are tested using synthetic data to 
understand model sensitivities to the resulting determination of the abundances and compositions 
of the precursor components in Chapter 4. The impact of incomplete a priori knowledge of the 
system prior to an energetic glass formation event is explored, including effects on the resulting 
confidence and accuracy of the modeled solution (i.e., the number, composition, and abundances 
of the precursor materials). It is concluded that a closure and equality constrained MCR-ALS 
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approach is the most robust means of identifying precursor components, and is a suitable 
alternative to CLS-style approaches when the investigator has incomplete knowledge of the 
starting precursor chemical compositions. The MCR-ALS approach is then applied to 
measurements of fallout glass reported in the literature in Chapter 5, demonstrating how 
multivariate approaches can be applied to objectively establish pre-event source term compositions 
and contributions. 
 
10.3 Applying Multivariate Methods for understanding Formation Histories  
 
Fallout are compositionally complex, preserving a record of mixing, agglomeration, 
evaporation, and condensation occurring in the fireball. Chapter 6 demonstrated that fallout shows 
major element abundances that are comparable to bulk soil analyses. Further, these compositional 
data are bounded by minimum and maximum major element abundances in the constituent mineral 
phases found soil from the Trinity site. The microanalytical measurements in this chapter generally 
agree with measurements presented in the literature, but are sampled in a new and unbiased through 
grid-raster patterns to gain an accurate perspective on the compositional relationships and extents 
of heterogeneity in fallout. Further, high resolution compositional mapping was developed to 
provide the highest level of detail in surface-compositional analysis. Autoradiography and 
optical/electron microscopy show a wide variety of radiographic and compositional heterogeneity, 
generally consistent with similar surveys in the literature [17, 33]. One new realization, however, 
is that a significant number of glasses exhibit relative homogeneity that points to a different 
formation history. 
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 In Chapter 7, PCA is used to examine chemical correlations and demonstrate that most of 
the compositional heterogeneity in fallout is readily explained by a linear combination of soil 
precursor compositions. Because these major elements are preserved from the soil, extreme 
fractionation of these bulk compositions did not occur during formation despite the high 
temperatures and pressures. Thus, most compositional heterogeneity is best explained by mixing 
during formation. From PCA, it was also determined that most compositional heterogeneity is 
captured by between three and five principal components, corresponding to four or six precursors, 
respectively.  
Constructing a five-component model with MCR-ALS shows that three compositions, the 
siliceous, feldspathic, and calcic, match or are otherwise well-explained by precursor compositions 
found in the soil. Of these, the feldspathic composition may be described as exhibiting a volatile 
characteristic, with an enrichment of K and Na oxide species correlated with Al and Si oxides.  
Two compositions are not well matched to mineral phases in the soil – the aluminous and Fe-rich 
compositions – and exhibit a refractory characteristic on the basis of the corresponding Al, Ca, Fe 
and Mg oxides. Individual fallout glasses are enriched in different proportions of these 
compositions, with the heterogenous samples retaining heterogeneity from the soil. Two of the 
homogenous samples show averaged compositions that are consistent with averages from those 
classified heterogenous, which suggested that these glasses are better mixed versions of the 
heterogenous compositions. The remaining three homogenous samples are much enriched in the 
aluminous composition relative to heterogenous glasses, varying only in the contribution of Ca 
and siliceous precursor. This relationship distinguishes these samples as much more refractory 
than the heterogenous samples, likely due to sustained heating and substantial evaporation or 
ablation during their time in the fireball. 
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In Chapter 8, the relative variance of the fallout samples was characterized. These results 
show that the homogenous samples are approximately five times less heterogenous than 
aerodynamics samples classified as heterogenous. Because compositional heterogeneity shows 
exponential variance decay with increasing time and temperature conditions, the most likely 
explanation for compositional uniformity in these samples is due to higher time and temperature 
conditions experienced in the fireball [88]. Such a formation mechanism is consistent with the 
more refractory, volatile depleted composition of these samples and wisp-like dispersion of 
siliceous precursor from the periphery into the interior of the sample. 
The work of this dissertation has demonstrated the significance of viscosity to processes of 
mixing, incorporation, and distribution of radioactivity throughout samples. The most apparent 
compositional heterogeneity, relict siliceous regions, are preserved due to large viscosity 
differences between neighboring subdomains. Conversely, banding patterns between neighboring 
regions of distinct composition show gaussian shaped peaks due to diffusive exchange with 
advective mass transport. The folding, bending, and stretching patterns in some samples show 
parallel lines underlying chaotic laminar advection [107]. While previous literature has identified 
the importance of viscosity as a control during formation, the mechanism or physical processes 
were not specified [33, 35]. A simple calculation shows how the time necessary to homogenize a 
melt strongly depends on the rate of advection in a sample through more rapid motions in the melt. 
Thus, less viscous samples are more prone to homogenous distribution because of less resistance 
to aerodynamic induced shear, with proportionally greater rates of advective transport (with 
subsequent diffusive exchange) than the viscous samples.  
The Fe-rich composition, enriched mainly along the periphery of heterogenous or 
homogenous samples, shows evidence for a deposition process followed by subsequent mixing 
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and incorporation into the interior of fallout. The MCR-ALS resolved composition is 
predominately enriched in refractory Fe, Ca, and Mg oxides, is consistent with enrichments of the 
same elements along boundaries and interfaces in the literature, reflecting a commonality between 
these two different tests [4]. In all aerodynamic fallout, but particularly the heterogenous samples, 
the Fe-rich composition is well-correlated to contrasts in activity by autoradiography showing how 
Pu must co-condense with Ca, Fe, and Mg in this composition prior to deposition. Correlations of 
absolute Fe-rich contributions to absolute activity show that this association with activity holds 
true for the heterogenous samples, but not necessarily for the three most Al-rich homogenous and 
ground-glass samples. This difference may be due to different thermodynamic histories, or due to 
chemical fractionation effects during deposition. Notable is the depletion of Al in this composition, 
which may be due to the refractory nature of this species and the likelihood that more volatile SiO2 
is lost from the melt through evaporation. 
Enrichment of the feldspathic contribution along the exterior periphery of the samples, 
collocated with high Q-residuals, shows the late-stage condensation and deposition of the volatile 
elements in the fireball. The collocation of these two species are shown to be due to some 
combination of a continuous process of deposition and subsequent diffusion such as described by 
[4] and [13]. Another possibility is that volatile rich agglomerates collected on the rim of the 
homogenous samples. This collocation generally is most apparent along the exterior of samples 
and does not apply to compositional subdomains within the interior of the samples. Instead, these 
interior regions show evidence of early-stage, more refractory, condensate material.    
Individual fallout samples inherit compositional heterogeneity from the soil as mineral 
assemblages and collisions with melt parcels in the cloud. Inherited compositional heterogeneity 
is often in the form of large semi-euhedral siliceous sub-domains dispersed throughout the interior. 
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Heterogeneity originating in collisions with objects, conversely, are generally dispersed along the 
periphery of the sample. Such material subdomains are often chemically distinct from the larger 
on which it is attached, consisting of either relict feldspathic and small silicic grains from 
agglomeration of dust particles, or smooth aluminous rich rounded blebs. In the latter case, the 
data show that these subdomains differ in Fe-rich precursor contribution, thus showing how 
multiple time-temperature histories may contribute to the overall formation history and bulk 
compositional properties in a single sample.  
This research has confirmed that ground-glass is mainly composed of soil that melted and 
was fused in-situ before further addition by rainout of lofted aerodynamic type objects. This 
rainout process appears to induce mixing in the uppermost surface layers of the glasses, carrying 
with it the bulk of the radioactivity. In contrast to previous work, this work shows that the rainout 
material may be enriched in volatile species relative the fused soil. Thus, the uppermost layer of 
ground-glass may reflect a time-dependent aggregate, with the smallest melt parcels, which are in 
the cloud for the longest period of time, settling onto the surface of the ground-glass. 
 
10.4 The Formation Dynamic and its Relationship to Historical Models 
 
This thesis generally confirms the hypothesis that evaporation, condensation, mixing, and 
agglomeration affect deposition, incorporation, and distribution of radioactivity in glassy fallout. 
Yet, there are some important distinctions between the results and conclusions of this study and 
those in the historical models proposed by Miller and Freilling [2, 3, 13, 14]. Notably, the earlier 
work focuses on radiochemical heterogeneity relating to the relative volatility of the corresponding 
species, and do not examine or characterize involvement of environmental material. By contrast, 
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this study shows how early or late stage condensation may contribute containing different 
proportions of refractory or volatile species (i.e. FeO versus Na2O or K2O). An important caveat 
is that the environmental material in the vapor state experiences evaporation (whereas the 
radiochemical species are initially a vapor), which likely explains why refractory species such as 
Al2O3 are not enriched in the vapor phase.  
Another difference between previous studies and this work relates to understanding of 
mixing and agglomeration. Historical literature identified these processes, but did not use them to 
understand radioactive distributions. The work of this dissertation shows that agglomeration and 
mixing exert an important control on the incorporation and distribution of radioactivity in these 
materials. Collisions of larger melts with smaller ones enhances activity incorporation when 
compared to the simple deposition processes. Further, the mixing of activity-enriched subdomains 
with the carrier melt results in complex activity distributions that are not well explained by 
historical models. These processes are sensitive to initial conditions, such as soil size distribution, 
melt viscosity, emplacement, and potentially other key parameters that cause non-deterministic 
(i.e. chaotic) behavior. Consequently, historical modes are ill-suited for high accuracy estimates 
of the radiochemical and environmental hazard posed by complex silicate-bearing fallout 
originating from urban environments. Only by collectively considering each of these processes is 
a better overall qualitative dynamic described for the formation of these materials.  
The fallout formation dynamic begins with evaporation. Interaction of the early fireball 
with proximate material must have rapidly introduced major and minor elements into the vapor 
state. Yet, as the fireball cooled and evaporation continued, not all the major earth elements could 
have vaporized. Carrier material becoming the homogenous samples were injected at a time and 
temperature condition wherein Fe, Mg, and Si in the soil evaporated but not Al and Ca, leading to 
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a fractionated melt. Additional Fe must have entered the vapor phase from the rapid disintegration 
of the tower and supporting structure. Further cooling of the fireball promotes only K and Na 
evaporation, without Si loss. The research presented in this work shows how the vapor phase, 
including Pu from the device, either condenses directly onto aerodynamic glasses (heterogenous 
nucleation) or by homogenous nucleation with subsequent collision and agglomeration.  
Additional material entering later in the cooling fireball experience insufficient 
temperatures to homogenize or substantially fractionate the melt, causing heterogenous fallout, but 
may mix with vaporized material or melt parcels from the early high temperature environment. 
These mixing processes, leading to either homogenous or heterogenous distributions of activity, 
depend on melt viscosity. Regions of lower viscosity may establish feedback loops, since they are 
subject to Na, K, or especially Si loss causing a perpetuating cycle. Reduced viscosity also 
enhances Fe-rich condensate incorporation, again leading to a positive feedback loop. Such loops 
are a prominent feature of chaotic dynamical processes, and may distinguish formation of 
homogenous versus heterogenous glasses. It is concluded that such material fallout out of the 
cloud, impacting and mixing in the upper layers of fused ground-glass. 
The work of this thesis has provided both a mathematical and procedural basis for 
investigating energetic glasses such as fallout. Though a limited number of samples were 
investigated, the results and conclusions of this thesis reveals a wide variety of physiochemical 
processes accounting for heterogeneity in these samples. These results will provide future 
investigators with the tools they need for predicting urban glass radiation and environmental 
hazards. 
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10.5 Isotopic Heterogeneity, Post-detonation Urban Glasses, and Future Work 
 
Trinitite literature showed that 239Pu abundance varies throughout the interior of fallout 
glasses, while 240Pu/239Pu is constant [20, 25, 29]. These results are confirmed by the NanoSIMS 
analyses, discussed in Chapter 9, but with new detail. This work shows enrichments of the Pu in 
regions of high activity by autoradiography and identifies Pu as the radioactive component 
responsible for activity contrasts within the sample. Additionally, NanoSIMS analyses confirms 
that Pu is enriched within agglomerated and subsumed regions in the sample itself. This association 
confirms that the agglomeration process enhances deposition and incorporation of actinide species 
in fallout. Close examination of the distribution of Pu along the exterior periphery of the sample 
also shows profiles consistent with the deposition and mixing of a late-stage material. This 
distribution may represent a condensate process, such as that hypothesized by [4, 37] but may also 
originate from agglomeration and mixing of enriched melt parcels such as those exhibited along 
the periphery of T11 in Chapter 8. Overall, NanoSIMS analyses have potential for future 
interrogation of small compositionally distinct features to determine whether condensation or 
agglomeration is the predominate mechanism for actinide incorporation in fallout glasses. 
  Investigators would like to understand the radiogenic and environmental hazard of urban 
post-denotation glass forms. To answer this question, the composition of entrained urban materials 
should be considered. These debris may consist of building materials such as steel, concrete, 
gypsum, and window glass, or street-level material like asphalt [120]. The resultant glass forms 
generated by these materials most likely will be complex, closer to Trinitite than the Ca-rich 
compositions from testing in the pacific. The extent of compositional heterogeneity suggests that 
historical formation models are ill-suited to explain the deposition, incorporation, and distribution 
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of radioactivity in these glass forms. Based on the qualitative model discussed in Chapter 8, post-
denotation will likely experience deposition of actinide along the exterior of the glass either from 
condensation and/or agglomeration processes in the fireball. Such an enrichment may tend to 
enhance the radiologic and environmental hazard of such materials. Also, the vapor state may 
exhibit strong Ca and Fe enrichments due to the prominence of steel, concrete, and gypsum as 
precursor materials.  
One notable limitation of using Trinitite as an analogy is the relative abundance of quartz 
in the arkose at Trinity ground-zero. Thus, samples may exhibit reduced SiO2 relative to these 
examples with concomitant reduction in viscosity. Reduction in carrier melt viscosity may enhance 
the incorporation and dispersion of radioactivity throughout the interior of fallout, resulting in 
glasses more similar to the homogenous aluminous and feldspathic samples than the heterogenous 
material. The addition of carbon, in the form of asphalt, likely will create a reducing environment 
that strongly affecting the evaporation of alkali species at the surface of melts. This reducing 
environment may enrich K and Na abundances in the vapor state because the corresponding 
volatilities and evaporation rates are enhanced in reducing atmospheres [82, 93]. The relatively 
greater volatility in the early stages of the fireball may result in correspondingly greater enrichment 
of these species along the exterior rims during late-stage condensation.  
Future work may consist one of three different possibilities. The first is a comprehensive 
study on greater numbers of fallout samples from multiple tests. This study may increase 
understanding of how emplacement and environment may alter the resultant glass-forms. The 
second is constructing a quantitative model that captures the role condensation, evaporation, 
agglomeration, and mixing during fallout formation. This approach may lead to high fidelity 
predictions of the resultant glass form. The third is an experimental study exploring heterogeneity 
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and characteristics of glass-forms from urban derived materials. Each of these possibilities are 
described, below. 
 In this first case, a high number of analyses from multiple tests increases will lead to 
understanding how glass-forms may form in situations of varying environmental and 
emplacements (i.e. near-surface test, tower shot, or shallow burial). These parameters are 
important considerations in scenarios where the emplacement of a possible urban detonation may 
be within a structure as opposed to in the open. Likewise, the influence of soil chemistry may be 
understood relative to patterns of deposition and incorporation of activity. This correlation, as with 
Trinity, will better inform how these environmental chemistries change the overall processes of 
condensation, evaporation, mixing, and agglomeration during fallout formation. 
 This dissertation discusses the chaotic spatial distributions of compositional heterogeneity 
in fallout with respect to the formation dynamic.  These spatial distributions are not random, but 
capture variation from strongly coupled physical and chemical, which are themselves sensitive to 
the initial parameters (i.e. emplacement and lithographic characteristics) associated with the test. 
One possibility for future research is that these complex processes might be simulated using chaos 
theory. One of the most important results from this area of research is that very complex 
phenomena may be understood by simple sets of coupled differential equations that exhibit similar 
underlying mathematical behavior [121]. A chaos-based approach to understanding these materials 
may provide insights on how emplacement or environmental factors may lead to unpredictable or 
difficult to understand patterns of deposition, incorporation, or even fractionation of the 
radioactive products from the nuclear explosion. 
A final possibility for future work is a more thorough study and examination of the glass-
forms expected in an urban environment. Careful analysis of the precursors involved and relative 
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abundances thereof may provide sufficient information to perform heating experiments. Analysis 
of the resultant glass forms under a variety of thermodynamic conditions would likely produce 
representative samples that span the expected range of composition and behaviors from an urban 
nuclear explosion. Differing heating and quenching routines may produce materials showing a 
variety of characteristic chemical phenomena including crystallization or exsolution which may 
occur in post-detonation urban scenarios. Such experiments, performed under varying fugacity, 
may also capture present a variety of phenomena that are sensitive to the incorporation of organic 
or large amounts of metal in the fireball. 
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APPENDIX A: ASSUMPTIONS USED IN GAMMA SPECTROSCOPY ANALYSIS 
A. Assumptions used for the gamma spectroscopy measurement: 
 
1. Differences in unknown and standard source geometry accounted for approximately 
10% error on reported absolute specific activity measurements. This error on absolute 
specific activity accounts for relative differences between standard and unknown 
geometry in relationship to the detector head. With respect to relative differences in 
source geometry, this work utilized a 2mm diameter filter paper standard and spherical 
or irregular fallout glasses as previously discussed in Chapter 2. 
 
B. Absolute Activity Determination  
 
Activity was determined from the HPGE spectra of the fallout samples in five steps: 
 
1. First the raw spectra from background, standard, and unknown were converted into 
counts per second using the count time, and channel numbers were converted to 
channel energies by using a linear energy calibration curve established previously from 
standards. 
 
2. Photopeaks were identified in IgorPro’s native multipeak fitting utility, and were fitted 
using an iterative least-squares Gaussian curve fitting algorithm. Output parameters 
from the fit include peak full width half max, peak area and peak area error calculated 
from error in the statistical fit. Neither this fitting error, nor poisson counting statistic 
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errors were propagated because these values were small compared to source-geometry 
defined errors as discussed in the appendix Section A. 
 
3. An absolute efficiency curve was calculated using the known photopeak energies and 
activities from the filter paper standard. 
 
4. The efficiency was used to calculate the absolute activity in the unknowns of 137Cs, 
151Eu, and 241Am, at energies 661 keV, 121 keV, and 59.5 keV respectively. Sample 
masses were used to calculate specific activities. 
 
5. Sample specific activities were decay / ingrowth corrected to t=0 for comparison to 
literature reported specific activities for fallout, as previously discussed. 
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APPENDIX B: THE BASIC MCR-ALS ROUTINE 
 
Eigenvector toolbox for MATLAB is employed to produce MCR-ALS estimates in this 
work. This software allows flexible application of constraints using the methodology discussed in 
Section 3.2.4. Alternatively, example pseudocode is provided for an MCR-ALS program capable 
of producing similar or equivalent solutions to those discussed in the paper. This pseudocode is 
written in MATLAB format, and applies closure and equality constraints using the method of 
Gemperline et al.  (2003) and employing non-negativity using a simplified version of the NNLS 
procedure outlined by Bro et al., (1997) and described by Lawson and Hansen, 1974. This 
pseudocode also illustrates the fundamental operating procedure underlying the MCR-ALS 
algorithm. The code syntax is based on MATLAB style, except where matrix dimensions are to be 
made explicitly clear.  
 
 
Initialize Program 
Define tolerance and ridge parameters (tol = 1x10-5, rdgc = 1x10-6) 
Define the number of iterations: itr 
Load X(mxp): Composition Data 
Load B(nxp): Initialization compositions, and optionally a row of ones for an unconstrained 
component 
Load B_Equality(nxp), a matrix of equality compositions 
Load Cwts(1), a scalar value to constrain closure 
Load Ewts(1xn), penalty weight vector 
If an unconstrained vector exists flag=1, otherwise flag=0 
 
Use SVD to estimate XPCA, using n number of factors  
X(mxp)≅ XPCA 
 
For every value in Ewts, multiply by the square root of the ratio of 2-normed row values from 
B_Equality over average 2-normed p-column values from X 
The penalty weights are calibrated such that a weight of 1  
is proportional to the influence of an average variable in X, 
as defined by the 2-norm of each column in X. Other 
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approaches using different norms are also suitable for 
calibrating the penalty weights.   
 
Begin Main Loop (run for itr iterations) 
 
Set A(mxn)=0 
Run Subroutine A 
An estimate of A is made 
 
Optionally 1-norm A, if no closure constraints are used and the NNLS solution is desired 
 
Set S(nxp)=0 
Run Subroutine B 
An estimate of B is made 
 
if flag=1, the unconstrained row in B should be 2-normed.  
Otherwise continue 
 
RSS(1,itr)=trace((X-AB)’*(X-AB))  
Record the RSS for each iteration 
 
End Main Loop 
 
Subroutine A: Contribution Estimates 
 
X=[X, Cwts*1]   
Augment the data matrix with a column of ones times the 
closure constant 
 
B=[B, Cwts*1]  
Perform the same operation with the composition estimates 
 
If flag=1, the closure weight for the unconstrained row in B is set to 0 
Otherwise continue 
 
Begin Loop for every row i=1 through m in X 
 
w(1xn)=(X(i,:)-A(i,:)*B)*B’  
Calculate the n Lagrange multipliers corresponding to the 
ith row in X 
 
K(nxp)=0     
Create a matrix K with the same size as B, and set all 
values to 0. This operation is equivalent to adding all the 
precursors to the active set 
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If flag=1, the unconstrained vector is always passive and the values in the corresponding 
row of K are set to those in B 
Otherwise continue 
 
  While max(w(1,m))>tol       
While the langrage multipliers are greater than the 
tolerance, continue 
   
K(index,:)=B(index,:)  
For each maximum positive value in w, record the index, 
Using the index, set the row in K equal to the 
corresponding row in B. This is the same as adding the 
precursor composition to the passive set. 
 
A(i,:)=X(i,:)*K’*inv(K*K’+rdgc*I(nxn))  
The pseudoinverse of  K is used to estimate precursor 
contributions for each row of A. L2 -Regularization is used 
to stabilize the inverse and is implemented through 
multiplying the ridge coefficient on an identity matrix.   
 
   While min(A(i,:)<0) 
Sometimes contribution estimates become negative, with an 
addition of a precursor to the passive set. Record the index 
of the negative contribution and run the inner loop. 
 
K(index,:)=0 
 Remove the precursor giving negative contributions from 
the passive set 
 
 A(i,:)=X(i,:)*K’*inv(K*K’+rdgc*I(nxn)) 
  Estimate A, as before.  
End 
   
w=(X(i,:)-A(i,:)*B)*B’  
Calculate the n Lagrange multipliers corresponding to the 
ith row in X 
 
End 
B=B(:,1:p) 
X=X(:,1:p) 
Remove the augmented columns from the matrices 
 
End A 
 
Subroutine B: Composition Estimates 
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Subroutine B follows the general procedure of subroutine 
A, except along the columns of X as opposed to the rows. 
Refer to the previous commentary for the individual steps. 
We have made a comment anywhere this procedure differs 
from subroutine A. 
 
X=[X;diag(Ewts)*B_Equality] 
Augment the rows of data matrix X with the penalty 
weighted equality matrix   
 
A=[A;diag(Ewts)*I(nxn)] 
Augment the rows of A with the penalty weighted identity 
matrix of corresponding size 
 
 Begin Loop for every column i=1 through p in X 
   
w(px1)=A’*(X(:,i)-A*B(:,i)) 
K(mxp)=0 
    
If flag=1, the unconstrained vector is always passive and the values in the corresponding 
row of K are set to those in A 
Otherwise continue 
 
  While max(w(p,1))>tol       
 
K(:,index)=B(:,index)  
B(:,i)=inv(K’*K+rdgc*I(nxn))*K’*X(:,i)  
 
   While min(B(:,i)<0) 
 
K(:,index)=0 
B(:,i)=inv(K’*K+rdgc*I(nxn))*K’*X(:,i)  
 
End 
 
w(px1)=A’*(X(:,i)-A*B(:,i)) 
 
 End 
End 
 
A=A(1:m,:) 
X=X(1:m,:) 
 
End B 
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APPENDIX C: RAW SYNTHETIC DATA FOR MODEL VALIDATION 
 
 
Figure 59. Raw data plotted against Si for the synthetic dataset. 
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Table 24. Raw synthetic dataset used to validate multivariate models 
 
Al Ca Fe K Mg Mn Na Si Ti 
2.89E-02 3.60E-01 2.19E-02 1.72E-02 2.32E-03 1.91E-05 1.45E-02 1.74E-01 3.32E-05 
3.60E-02 9.39E-02 2.82E-02 2.15E-02 1.81E-03 1.05E-05 1.66E-02 3.29E-01 1.62E-05 
1.46E-02 1.53E-01 1.35E-01 8.28E-03 9.47E-03 9.18E-05 7.45E-03 2.60E-01 1.19E-04 
2.30E-02 1.05E-01 7.45E-02 1.42E-02 9.72E-04 1.23E-05 1.26E-02 3.19E-01 1.19E-05 
6.70E-02 2.58E-02 3.75E-02 4.04E-02 1.69E-03 0.00E+00 3.33E-02 3.20E-01 1.92E-05 
2.91E-02 8.36E-02 8.94E-03 1.75E-02 2.76E-03 2.67E-05 1.29E-02 3.54E-01 3.17E-05 
9.76E-03 3.60E-01 4.40E-03 5.84E-03 1.93E-03 1.87E-05 5.29E-03 2.12E-01 1.15E-05 
3.29E-02 1.42E-01 5.10E-02 1.96E-02 5.18E-03 5.53E-05 1.63E-02 2.87E-01 4.97E-05 
2.02E-02 4.89E-02 3.16E-02 1.19E-02 5.09E-03 6.82E-05 1.00E-02 3.89E-01 5.69E-05 
3.39E-02 1.14E-01 1.42E-01 2.02E-02 1.09E-03 2.05E-05 1.71E-02 2.54E-01 1.50E-05 
5.35E-02 5.38E-02 1.93E-01 3.20E-02 2.82E-03 3.22E-05 2.60E-02 2.30E-01 1.69E-05 
4.01E-03 7.30E-02 3.75E-02 2.40E-03 2.46E-03 5.38E-05 2.37E-03 3.90E-01 3.18E-05 
2.36E-02 4.11E-02 7.10E-02 1.46E-02 7.00E-04 4.11E-05 1.14E-02 3.66E-01 1.02E-05 
6.43E-02 3.26E-02 1.11E-01 3.88E-02 1.56E-03 2.58E-05 3.10E-02 2.87E-01 1.17E-05 
7.49E-03 2.38E-02 1.09E-02 4.47E-03 1.39E-03 0.00E+00 3.24E-03 4.34E-01 1.68E-05 
7.17E-02 2.28E-02 3.52E-02 4.31E-02 5.23E-04 0.00E+00 3.59E-02 3.13E-01 5.20E-06 
3.29E-02 9.97E-02 1.03E-01 1.95E-02 3.22E-03 2.56E-05 1.60E-02 2.99E-01 3.73E-05 
1.27E-02 2.12E-01 1.81E-01 7.46E-03 4.37E-03 6.95E-05 6.56E-03 1.90E-01 5.37E-05 
4.61E-03 2.23E-01 2.22E-01 2.89E-03 2.76E-03 3.31E-05 3.30E-03 1.75E-01 3.92E-05 
2.55E-02 1.28E-01 1.87E-01 1.48E-02 1.22E-02 1.42E-04 1.16E-02 2.16E-01 1.40E-04 
3.47E-02 6.31E-02 9.39E-02 2.07E-02 1.25E-03 1.86E-05 1.70E-02 3.11E-01 2.32E-05 
1.23E-02 3.33E-02 2.94E-02 7.40E-03 3.29E-03 1.85E-05 6.33E-03 4.09E-01 2.84E-05 
2.37E-02 1.18E-01 6.19E-02 1.40E-02 6.93E-03 9.18E-05 1.14E-02 3.08E-01 8.73E-05 
8.38E-03 2.25E-01 1.17E-02 4.76E-03 1.98E-03 3.75E-05 3.87E-03 3.03E-01 1.29E-05 
1.23E-02 7.92E-02 5.19E-03 7.29E-03 2.65E-03 3.82E-06 5.36E-03 3.86E-01 2.10E-05 
9.72E-03 1.62E-01 4.03E-01 5.18E-03 1.49E-02 2.06E-04 5.16E-03 9.06E-02 1.83E-04 
1.38E-02 2.29E-01 4.27E-02 8.12E-03 4.84E-03 6.92E-05 6.48E-03 2.58E-01 5.34E-05 
1.09E-02 8.07E-02 8.49E-02 6.38E-03 7.24E-03 1.00E-04 5.66E-03 3.33E-01 8.19E-05 
2.44E-02 1.59E-02 1.61E-01 1.41E-02 7.16E-04 0.00E+00 1.21E-02 3.22E-01 6.79E-06 
4.69E-02 3.84E-02 6.62E-02 2.73E-02 2.45E-02 2.99E-04 2.23E-02 3.11E-01 2.87E-04 
2.54E-02 6.60E-02 8.69E-02 1.50E-02 5.17E-03 7.41E-05 1.17E-02 3.27E-01 6.30E-05 
1.75E-02 5.77E-02 3.70E-02 1.08E-02 2.70E-04 9.57E-06 8.99E-03 3.80E-01 9.95E-06 
1.54E-02 8.20E-02 1.19E-01 8.16E-03 1.95E-02 2.45E-04 6.71E-03 2.96E-01 2.31E-04 
1.16E-02 5.82E-02 5.30E-02 7.05E-03 3.81E-03 5.10E-05 5.85E-03 3.72E-01 2.91E-05 
5.76E-02 1.22E-01 2.68E-02 3.45E-02 6.43E-03 7.80E-05 2.86E-02 2.78E-01 7.65E-05 
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Al Ca Fe K Mg Mn Na Si Ti 
5.64E-02 1.24E-01 2.83E-02 3.36E-02 6.39E-03 4.27E-05 2.79E-02 2.73E-01 7.07E-05 
2.53E-02 3.98E-02 3.57E-02 1.52E-02 9.41E-04 1.08E-05 1.25E-02 3.79E-01 1.56E-05 
2.49E-02 8.45E-02 2.67E-02 1.51E-02 5.65E-04 1.68E-05 1.26E-02 3.55E-01 0.00E+00 
9.99E-03 8.25E-02 1.20E-02 5.78E-03 2.89E-03 1.71E-05 5.44E-03 3.87E-01 3.19E-05 
1.76E-02 5.25E-01 1.55E-02 1.05E-02 1.71E-03 3.43E-05 8.57E-03 7.66E-02 1.73E-05 
5.53E-02 1.73E-01 2.18E-02 3.32E-02 4.59E-03 6.54E-05 2.69E-02 2.51E-01 4.54E-05 
6.22E-02 7.91E-02 9.27E-02 3.72E-02 5.18E-03 7.26E-05 3.02E-02 2.47E-01 6.16E-05 
4.23E-02 7.11E-02 1.62E-02 2.58E-02 1.79E-03 1.98E-05 2.03E-02 3.48E-01 1.83E-05 
6.67E-02 7.52E-02 5.42E-02 4.01E-02 6.35E-04 1.30E-05 3.19E-02 2.90E-01 1.28E-05 
1.13E-02 4.80E-02 6.05E-02 6.54E-03 5.86E-03 5.01E-05 5.20E-03 3.75E-01 6.67E-05 
4.99E-02 5.22E-02 7.96E-02 2.93E-02 1.59E-02 2.17E-04 2.50E-02 3.01E-01 1.95E-04 
8.03E-02 5.59E-02 4.49E-02 4.88E-02 8.09E-04 1.19E-05 3.91E-02 2.84E-01 8.96E-06 
1.32E-02 2.07E-01 7.54E-02 8.07E-03 1.44E-04 0.00E+00 6.42E-03 2.65E-01 1.37E-05 
1.35E-02 3.05E-02 1.82E-02 7.83E-03 1.19E-03 2.25E-06 6.45E-03 4.08E-01 8.68E-06 
5.12E-02 1.55E-01 5.92E-02 3.04E-02 4.81E-03 6.77E-05 2.67E-02 2.50E-01 5.41E-05 
2.75E-02 2.94E-01 9.91E-02 1.62E-02 1.10E-02 1.32E-04 1.24E-02 1.68E-01 1.20E-04 
5.20E-02 1.72E-01 2.26E-02 3.11E-02 2.40E-03 3.26E-05 2.53E-02 2.65E-01 2.72E-05 
5.16E-02 1.73E-01 1.15E-01 3.12E-02 1.06E-03 1.11E-05 2.64E-02 2.01E-01 1.34E-05 
3.05E-02 9.99E-03 1.80E-01 1.80E-02 5.24E-03 7.23E-05 1.40E-02 3.01E-01 6.08E-05 
8.54E-03 4.40E-02 7.23E-02 5.24E-03 8.00E-04 1.71E-05 3.65E-03 3.80E-01 1.69E-05 
2.95E-02 1.83E-01 4.37E-02 1.77E-02 7.05E-04 0.00E+00 1.49E-02 2.66E-01 8.92E-06 
1.57E-02 4.10E-01 4.53E-02 9.18E-03 5.22E-03 7.09E-05 7.50E-03 1.39E-01 6.44E-05 
3.54E-02 1.35E-01 1.25E-01 2.17E-02 1.24E-03 2.94E-05 1.74E-02 2.55E-01 2.00E-05 
4.66E-02 1.48E-01 1.97E-02 2.78E-02 2.66E-03 4.04E-05 2.34E-02 2.86E-01 3.64E-05 
7.84E-03 8.63E-02 8.13E-02 4.90E-03 0.00E+00 1.21E-05 3.52E-03 3.50E-01 7.52E-06 
2.91E-02 6.21E-02 5.91E-02 1.75E-02 1.62E-03 1.91E-05 1.42E-02 3.49E-01 1.33E-05 
7.37E-02 2.72E-02 4.29E-02 4.43E-02 1.12E-03 0.00E+00 3.63E-02 3.18E-01 1.35E-05 
2.54E-02 3.02E-02 2.25E-02 1.53E-02 1.24E-03 2.17E-05 1.23E-02 3.91E-01 1.32E-05 
5.01E-02 1.46E-01 2.28E-02 3.00E-02 4.11E-03 5.50E-05 2.42E-02 2.82E-01 5.19E-05 
3.59E-02 2.13E-01 2.01E-02 2.13E-02 1.11E-02 1.34E-04 1.77E-02 2.49E-01 1.37E-04 
1.43E-02 7.68E-02 4.04E-02 8.71E-03 3.01E-03 3.16E-05 7.54E-03 3.69E-01 2.56E-05 
2.27E-03 5.47E-02 2.24E-01 1.33E-03 1.16E-03 0.00E+00 0.00E+00 2.91E-01 1.49E-05 
1.20E-02 9.17E-02 9.92E-02 6.75E-03 9.46E-04 2.69E-05 5.31E-03 3.34E-01 1.19E-05 
4.65E-02 4.69E-02 4.80E-02 2.81E-02 8.65E-04 1.15E-06 2.26E-02 3.36E-01 6.48E-06 
3.30E-02 1.80E-01 5.62E-02 2.03E-02 4.48E-04 1.10E-05 1.67E-02 2.66E-01 1.54E-05 
2.17E-02 8.25E-02 5.09E-02 1.20E-02 2.66E-02 3.14E-04 1.15E-02 3.23E-01 3.12E-04 
1.53E-02 5.88E-02 2.77E-01 8.29E-03 1.80E-02 2.02E-04 7.47E-03 2.30E-01 2.11E-04 
1.92E-02 1.02E-01 4.09E-02 1.16E-02 4.12E-03 3.72E-05 9.15E-03 3.44E-01 5.49E-05 
2.27E-02 1.28E-01 2.19E-01 1.33E-02 5.70E-04 7.96E-07 1.10E-02 2.12E-01 7.46E-06 
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Al Ca Fe K Mg Mn Na Si Ti 
4.10E-03 6.05E-02 1.01E-02 2.67E-03 1.61E-03 1.97E-05 1.81E-03 4.14E-01 8.04E-06 
2.37E-02 3.39E-01 3.74E-02 1.38E-02 4.87E-03 4.01E-05 1.23E-02 1.72E-01 6.35E-05 
1.43E-02 1.22E-01 4.56E-02 7.87E-03 1.31E-02 1.42E-04 6.78E-03 3.14E-01 1.58E-04 
8.25E-03 6.04E-02 1.08E-02 4.74E-03 7.47E-04 7.44E-06 3.49E-03 4.09E-01 5.15E-06 
3.31E-02 1.31E-01 1.56E-01 1.96E-02 3.40E-03 5.09E-05 1.59E-02 2.23E-01 4.77E-05 
5.00E-03 1.16E-01 9.10E-02 2.89E-03 5.31E-03 7.11E-05 1.86E-03 3.28E-01 6.47E-05 
1.15E-03 5.83E-02 3.01E-02 6.90E-04 8.36E-04 0.00E+00 1.96E-04 4.09E-01 1.13E-05 
7.38E-03 2.05E-01 1.27E-01 3.78E-03 8.85E-03 1.20E-04 3.86E-03 2.35E-01 9.96E-05 
1.19E-02 1.04E-01 2.30E-01 6.98E-03 3.57E-03 2.50E-05 6.58E-03 2.30E-01 4.59E-05 
6.47E-03 1.33E-01 1.15E-01 3.33E-03 2.04E-02 2.35E-04 3.35E-03 2.83E-01 2.39E-04 
3.57E-03 4.70E-01 3.19E-02 1.98E-03 1.70E-03 3.35E-05 1.17E-03 1.31E-01 2.66E-05 
2.14E-02 1.87E-01 5.77E-02 1.28E-02 4.35E-03 5.50E-05 1.06E-02 2.84E-01 5.29E-05 
5.72E-03 2.73E-01 1.03E-01 3.05E-03 1.95E-03 1.49E-05 3.23E-03 2.17E-01 1.72E-05 
3.37E-02 6.19E-02 2.61E-02 2.02E-02 3.16E-03 4.22E-05 1.71E-02 3.56E-01 2.75E-05 
3.94E-02 4.63E-02 2.26E-02 2.34E-02 1.43E-03 1.69E-05 1.86E-02 3.62E-01 1.60E-05 
1.13E-02 6.42E-02 2.14E-02 6.67E-03 2.80E-03 1.46E-05 4.90E-03 3.96E-01 2.43E-05 
2.11E-02 7.18E-02 6.43E-02 1.21E-02 1.17E-02 1.45E-04 1.00E-02 3.32E-01 1.46E-04 
5.48E-03 5.59E-03 1.23E-01 3.39E-03 9.42E-04 1.13E-05 2.14E-03 3.70E-01 5.17E-06 
1.54E-02 7.15E-02 3.73E-01 8.44E-03 1.75E-02 1.94E-04 6.68E-03 1.58E-01 1.99E-04 
2.28E-02 3.03E-01 3.47E-02 1.38E-02 2.82E-03 1.65E-05 1.09E-02 2.02E-01 2.84E-05 
4.69E-02 4.05E-02 3.61E-02 2.78E-02 3.46E-03 2.26E-05 2.26E-02 3.48E-01 4.19E-05 
4.12E-02 2.61E-01 8.95E-02 2.50E-02 3.66E-03 4.79E-05 2.05E-02 1.72E-01 5.33E-05 
1.05E-02 6.03E-03 6.08E-01 5.75E-03 3.20E-03 4.40E-05 5.60E-03 7.67E-02 3.45E-05 
4.20E-03 1.50E-01 6.81E-02 2.45E-03 1.29E-03 2.71E-05 1.30E-03 3.26E-01 1.44E-05 
2.20E-02 7.92E-02 2.71E-02 1.30E-02 1.42E-03 0.00E+00 1.11E-02 3.59E-01 1.35E-05 
3.35E-02 4.11E-02 1.55E-02 2.00E-02 3.72E-03 4.78E-05 1.65E-02 3.73E-01 4.27E-05 
1.52E-02 1.14E-01 1.33E-01 9.00E-03 2.48E-03 4.39E-05 7.24E-03 2.81E-01 2.26E-05 
1.74E-02 1.16E-01 1.88E-01 1.05E-02 4.18E-03 5.07E-05 9.06E-03 2.48E-01 4.08E-05 
6.52E-02 9.42E-02 7.77E-02 3.94E-02 2.34E-03 1.21E-05 3.24E-02 2.58E-01 2.60E-05 
4.57E-03 1.80E-01 4.62E-02 1.83E-03 2.04E-02 2.64E-04 2.01E-03 2.97E-01 2.42E-04 
2.77E-02 5.34E-02 1.64E-01 1.66E-02 6.73E-03 6.27E-05 1.31E-02 2.94E-01 7.31E-05 
8.74E-03 1.27E-02 4.76E-02 5.20E-03 4.35E-03 7.13E-05 4.78E-03 4.11E-01 5.15E-05 
2.59E-03 1.41E-02 3.82E-02 1.69E-03 1.82E-04 0.00E+00 1.73E-03 4.29E-01 5.08E-07 
2.88E-02 3.04E-01 3.92E-02 1.74E-02 1.35E-03 8.72E-06 1.48E-02 2.06E-01 1.13E-05 
2.05E-02 9.29E-02 4.58E-02 1.20E-02 1.08E-03 1.40E-05 9.09E-03 3.42E-01 9.08E-06 
2.36E-02 2.36E-01 8.90E-02 1.38E-02 5.76E-03 5.82E-05 1.21E-02 2.27E-01 6.67E-05 
1.98E-02 7.93E-02 6.35E-02 1.15E-02 2.84E-03 2.39E-05 9.29E-03 3.45E-01 3.77E-05 
4.78E-02 4.74E-02 1.25E-01 2.80E-02 2.07E-02 2.34E-04 2.28E-02 2.78E-01 2.31E-04 
2.50E-02 2.55E-01 2.45E-02 1.47E-02 1.33E-02 1.55E-04 1.27E-02 2.45E-01 1.64E-04 
 
 
241 
Al Ca Fe K Mg Mn Na Si Ti 
2.98E-02 8.22E-02 7.16E-02 1.79E-02 6.92E-03 8.28E-05 1.52E-02 3.17E-01 8.10E-05 
4.21E-02 8.35E-02 2.25E-02 2.52E-02 2.33E-03 1.90E-05 2.15E-02 3.50E-01 2.74E-05 
3.83E-02 7.13E-02 9.09E-02 2.27E-02 7.95E-03 8.74E-05 1.83E-02 2.98E-01 9.38E-05 
7.81E-02 4.19E-02 3.28E-02 4.69E-02 1.93E-03 8.90E-06 3.81E-02 3.06E-01 1.43E-05 
7.92E-03 2.65E-03 0.00E+00 4.37E-03 1.19E-03 9.35E-06 4.60E-03 4.54E-01 1.55E-05 
4.29E-02 2.87E-01 1.08E-02 2.56E-02 5.31E-03 7.08E-05 2.13E-02 2.06E-01 6.63E-05 
2.51E-02 1.91E-01 5.91E-02 1.50E-02 3.56E-04 8.50E-06 1.17E-02 2.69E-01 1.26E-05 
9.85E-04 9.77E-02 1.63E-02 5.43E-04 1.08E-03 1.85E-05 4.09E-04 3.81E-01 9.69E-06 
1.63E-02 4.13E-01 7.83E-02 9.55E-03 3.46E-03 6.04E-05 6.90E-03 1.19E-01 4.25E-05 
1.09E-02 1.08E-01 2.07E-02 6.64E-03 1.68E-03 2.81E-05 5.24E-03 3.75E-01 2.08E-05 
3.66E-02 1.09E-01 5.03E-02 2.17E-02 5.77E-03 8.10E-05 1.77E-02 3.08E-01 6.43E-05 
2.13E-02 7.72E-03 8.86E-02 1.28E-02 7.96E-03 1.06E-04 1.02E-02 3.61E-01 9.43E-05 
1.43E-02 1.18E-01 5.73E-02 8.29E-03 1.83E-03 2.74E-05 7.81E-03 3.36E-01 1.84E-05 
8.12E-03 1.18E-01 3.93E-02 4.81E-03 6.67E-04 1.76E-05 4.83E-03 3.56E-01 1.70E-05 
1.36E-02 2.49E-01 1.90E-01 7.57E-03 4.00E-03 4.17E-05 6.62E-03 1.72E-01 4.30E-05 
2.01E-02 6.58E-02 4.54E-02 1.06E-02 2.81E-02 3.46E-04 9.86E-03 3.45E-01 3.28E-04 
1.31E-02 8.14E-02 2.35E-02 8.19E-03 1.43E-03 5.19E-06 5.91E-03 3.69E-01 2.26E-05 
2.03E-02 2.49E-01 2.14E-01 1.15E-02 1.25E-02 1.37E-04 9.87E-03 1.37E-01 1.45E-04 
4.79E-02 6.84E-02 2.15E-01 2.85E-02 2.64E-03 3.50E-05 2.38E-02 2.15E-01 2.92E-05 
1.90E-02 1.75E-01 2.81E-02 1.07E-02 1.56E-02 1.83E-04 9.67E-03 2.92E-01 1.83E-04 
6.02E-02 9.83E-02 6.26E-02 3.64E-02 3.18E-03 2.74E-05 2.91E-02 2.74E-01 3.33E-05 
1.04E-02 4.22E-02 4.99E-01 5.82E-03 4.21E-03 5.45E-05 5.54E-03 1.18E-01 3.90E-05 
1.59E-02 5.24E-01 4.52E-03 9.44E-03 1.05E-03 2.29E-05 7.86E-03 8.89E-02 1.32E-05 
1.08E-02 2.77E-01 1.47E-01 6.16E-03 1.38E-02 1.57E-04 3.88E-03 1.72E-01 1.58E-04 
1.09E-02 1.65E-01 9.29E-02 5.81E-03 1.06E-02 1.27E-04 5.83E-03 2.72E-01 1.16E-04 
4.15E-02 1.74E-01 2.64E-02 2.52E-02 1.77E-03 1.91E-05 2.12E-02 2.58E-01 8.79E-06 
3.09E-02 2.01E-01 5.32E-02 1.82E-02 7.45E-03 1.06E-04 1.57E-02 2.54E-01 8.58E-05 
3.92E-02 1.17E-01 1.08E-01 2.33E-02 2.64E-03 6.12E-05 1.89E-02 2.59E-01 2.74E-05 
7.38E-03 1.23E-01 4.66E-01 4.22E-03 3.48E-03 4.71E-05 3.75E-03 8.70E-02 3.40E-05 
4.70E-02 2.34E-02 9.54E-03 2.84E-02 8.26E-04 0.00E+00 2.26E-02 3.70E-01 4.19E-06 
4.05E-02 8.26E-02 1.69E-01 2.43E-02 4.89E-03 5.74E-05 1.98E-02 2.49E-01 5.82E-05 
1.88E-02 4.85E-02 1.88E-02 1.12E-02 3.66E-04 1.28E-05 8.56E-03 4.00E-01 0.00E+00 
9.44E-03 3.52E-01 2.22E-01 5.37E-03 9.25E-04 2.77E-05 3.88E-03 1.01E-01 1.64E-05 
3.27E-02 1.35E-01 1.82E-01 1.92E-02 1.44E-02 1.87E-04 1.44E-02 2.11E-01 1.64E-04 
4.63E-02 5.91E-02 6.65E-02 2.69E-02 2.31E-02 2.74E-04 2.33E-02 3.02E-01 2.62E-04 
2.29E-02 4.17E-02 7.33E-02 1.41E-02 8.74E-04 0.00E+00 1.11E-02 3.57E-01 5.15E-06 
5.94E-03 6.52E-02 5.03E-02 2.32E-03 2.42E-02 2.58E-04 2.72E-03 3.67E-01 2.90E-04 
6.10E-03 8.51E-02 1.87E-01 2.72E-03 1.79E-02 1.88E-04 2.75E-03 2.74E-01 2.06E-04 
8.10E-03 1.84E-01 5.65E-02 4.87E-03 5.08E-03 4.01E-05 4.69E-03 3.03E-01 5.00E-05 
 
 
242 
Al Ca Fe K Mg Mn Na Si Ti 
6.05E-03 8.76E-02 2.61E-02 3.28E-03 2.71E-03 4.28E-06 3.46E-03 3.81E-01 3.56E-05 
4.49E-02 9.90E-02 1.47E-01 2.71E-02 3.96E-03 3.05E-05 2.18E-02 2.34E-01 4.16E-05 
1.65E-02 8.06E-02 3.13E-01 9.82E-03 9.87E-03 9.64E-05 9.09E-03 1.93E-01 1.15E-04 
5.18E-02 9.08E-02 6.06E-02 3.08E-02 6.78E-03 9.62E-05 2.51E-02 2.80E-01 7.82E-05 
1.29E-02 1.07E-01 1.10E-01 7.57E-03 5.75E-03 6.06E-05 6.16E-03 3.15E-01 6.79E-05 
2.64E-02 1.93E-02 9.90E-02 1.57E-02 5.34E-03 5.83E-05 1.29E-02 3.54E-01 6.28E-05 
2.68E-02 5.37E-02 1.49E-02 1.57E-02 4.25E-03 4.60E-05 1.32E-02 3.80E-01 5.41E-05 
4.82E-03 7.79E-03 2.33E-02 2.77E-03 2.59E-03 2.33E-05 3.48E-03 4.37E-01 2.90E-05 
4.48E-02 4.23E-02 9.94E-02 2.66E-02 4.49E-03 5.92E-05 2.16E-02 3.12E-01 5.63E-05 
2.58E-02 1.97E-01 2.06E-01 1.53E-02 7.29E-03 9.77E-05 1.25E-02 1.58E-01 8.65E-05 
1.32E-02 1.66E-02 9.86E-03 7.80E-03 9.69E-04 0.00E+00 6.06E-03 4.28E-01 8.39E-06 
1.55E-02 5.08E-02 2.79E-02 9.54E-03 4.09E-03 4.55E-05 8.41E-03 3.84E-01 4.90E-05 
3.77E-02 1.74E-01 8.56E-02 2.26E-02 2.34E-03 2.60E-05 1.80E-02 2.42E-01 3.16E-05 
1.20E-02 4.60E-02 1.57E-01 6.61E-03 1.33E-02 1.58E-04 5.80E-03 3.12E-01 1.46E-04 
1.73E-02 1.72E-01 6.57E-02 1.01E-02 4.52E-03 4.01E-05 7.63E-03 2.91E-01 4.78E-05 
1.62E-02 3.73E-02 6.20E-02 9.91E-03 6.24E-03 5.32E-05 7.68E-03 3.80E-01 7.63E-05 
6.95E-03 5.30E-02 2.15E-01 3.77E-03 2.63E-03 3.17E-05 3.48E-03 2.91E-01 3.25E-05 
1.24E-02 5.97E-02 1.14E-01 7.01E-03 9.58E-03 1.12E-04 6.66E-03 3.50E-01 1.13E-04 
3.06E-02 8.02E-02 5.14E-02 1.58E-02 5.64E-02 6.36E-04 1.36E-02 2.89E-01 6.57E-04 
1.51E-02 5.90E-02 6.62E-02 8.66E-03 5.95E-03 7.24E-05 7.34E-03 3.73E-01 7.12E-05 
2.94E-02 7.65E-02 2.15E-01 1.78E-02 1.04E-03 0.00E+00 1.38E-02 2.31E-01 7.34E-06 
4.05E-03 2.66E-02 5.03E-02 2.00E-03 1.26E-02 1.40E-04 2.03E-03 4.02E-01 1.48E-04 
1.99E-02 5.03E-02 1.68E-01 1.15E-02 8.85E-03 7.98E-05 1.03E-02 2.99E-01 9.24E-05 
1.37E-03 1.38E-02 7.52E-02 6.51E-04 1.99E-03 2.46E-05 7.12E-05 4.09E-01 2.64E-05 
6.10E-03 1.14E-01 3.82E-01 2.46E-03 2.88E-02 3.26E-04 3.20E-03 1.21E-01 3.35E-04 
4.36E-03 5.67E-01 8.89E-03 2.54E-03 5.23E-03 5.06E-05 1.14E-03 7.31E-02 6.71E-05 
4.47E-03 5.15E-01 2.89E-02 2.22E-03 2.66E-03 3.19E-05 3.66E-03 1.07E-01 3.11E-05 
2.71E-02 8.65E-02 8.49E-02 1.66E-02 2.72E-03 2.62E-06 1.32E-02 3.13E-01 2.71E-05 
1.01E-02 5.39E-02 4.24E-02 5.77E-03 9.58E-04 0.00E+00 5.17E-03 3.86E-01 1.81E-05 
5.73E-02 3.40E-02 1.01E-01 3.41E-02 5.98E-04 0.00E+00 2.95E-02 3.04E-01 7.30E-06 
1.19E-02 1.04E-01 7.33E-02 7.19E-03 2.33E-03 3.77E-05 5.52E-03 3.39E-01 2.52E-05 
4.27E-02 1.12E-01 1.31E-01 2.56E-02 3.07E-03 2.01E-05 2.05E-02 2.50E-01 3.65E-05 
1.40E-02 6.45E-02 1.87E-01 7.74E-03 2.07E-02 2.35E-04 6.92E-03 2.76E-01 2.39E-04 
1.50E-02 1.03E-01 1.41E-01 9.06E-03 3.61E-03 2.59E-05 7.30E-03 2.93E-01 3.82E-05 
1.17E-02 7.67E-02 7.34E-02 5.54E-03 3.66E-02 4.28E-04 4.74E-03 3.28E-01 4.32E-04 
1.25E-02 1.39E-02 5.06E-02 7.19E-03 8.97E-03 1.33E-04 5.59E-03 4.07E-01 1.08E-04 
1.47E-02 2.96E-01 8.67E-03 8.52E-03 1.24E-03 1.90E-05 7.99E-03 2.47E-01 6.88E-06 
4.30E-02 1.03E-01 7.41E-02 2.60E-02 3.99E-03 3.33E-05 2.15E-02 2.86E-01 4.23E-05 
8.25E-03 1.10E-01 1.87E-02 4.70E-03 9.18E-03 1.08E-04 3.22E-03 3.59E-01 9.92E-05 
 
 
243 
Al Ca Fe K Mg Mn Na Si Ti 
2.09E-03 1.69E-01 1.83E-02 1.14E-03 6.21E-04 0.00E+00 1.83E-03 3.54E-01 7.60E-07 
5.55E-02 1.98E-02 6.35E-02 3.33E-02 4.50E-03 5.03E-05 2.66E-02 3.38E-01 5.78E-05 
4.31E-02 4.70E-02 6.37E-03 2.60E-02 8.42E-04 7.46E-06 2.03E-02 3.73E-01 8.04E-06 
1.49E-02 1.06E-01 1.07E-02 9.04E-03 1.31E-03 4.06E-05 7.99E-03 3.66E-01 1.59E-05 
1.11E-02 1.38E-01 1.34E-02 6.45E-03 2.88E-03 1.82E-05 5.43E-03 3.44E-01 3.79E-05 
3.81E-02 6.27E-02 1.07E-02 2.26E-02 3.68E-03 4.74E-05 1.88E-02 3.56E-01 4.60E-05 
1.59E-02 8.15E-02 6.55E-02 9.89E-03 2.67E-03 3.30E-05 8.80E-03 3.46E-01 2.05E-05 
1.48E-02 2.13E-01 2.08E-01 8.91E-03 1.58E-03 3.90E-05 6.99E-03 1.81E-01 2.30E-05 
4.17E-02 2.34E-02 3.83E-02 2.51E-02 5.44E-03 7.78E-05 2.02E-02 3.55E-01 6.92E-05 
9.58E-03 7.42E-02 7.47E-02 5.59E-03 4.48E-03 2.24E-05 4.28E-03 3.50E-01 4.36E-05 
5.44E-03 3.16E-01 3.29E-02 3.01E-03 8.54E-03 8.57E-05 1.03E-03 2.23E-01 9.18E-05 
9.12E-03 1.33E-01 7.32E-02 5.43E-03 7.76E-04 2.38E-05 3.80E-03 3.13E-01 9.85E-06 
3.25E-02 6.26E-02 4.67E-02 1.97E-02 5.07E-03 6.72E-05 1.51E-02 3.34E-01 6.17E-05 
3.49E-03 1.31E-02 3.03E-02 2.51E-03 1.74E-04 1.14E-05 1.25E-03 4.35E-01 0.00E+00 
3.54E-02 1.50E-01 9.01E-02 2.11E-02 6.22E-03 8.60E-05 1.77E-02 2.59E-01 6.27E-05 
3.31E-02 1.37E-01 3.33E-02 1.91E-02 1.24E-02 1.42E-04 1.56E-02 2.86E-01 1.50E-04 
1.86E-02 8.50E-02 5.97E-02 1.10E-02 3.47E-03 4.32E-05 8.00E-03 3.49E-01 4.31E-05 
1.84E-03 2.02E-02 2.38E-02 1.12E-03 1.34E-03 3.15E-05 1.65E-04 4.29E-01 2.84E-05 
4.11E-02 4.56E-02 4.92E-02 2.47E-02 2.54E-03 3.05E-05 2.02E-02 3.46E-01 3.05E-05 
2.60E-02 1.88E-01 2.15E-01 1.54E-02 4.43E-03 6.48E-05 1.29E-02 1.78E-01 5.20E-05 
8.51E-03 5.79E-02 2.10E-01 4.83E-03 2.61E-03 2.84E-05 3.47E-03 2.86E-01 3.42E-05 
8.40E-03 4.72E-01 6.09E-02 4.83E-03 4.97E-03 6.82E-05 3.51E-03 9.66E-02 6.57E-05 
5.01E-02 3.53E-02 5.44E-02 3.01E-02 2.32E-03 4.67E-05 2.54E-02 3.33E-01 2.11E-05 
1.59E-02 1.21E-01 9.03E-02 9.52E-03 2.64E-03 8.20E-06 6.66E-03 3.11E-01 2.32E-05 
9.35E-03 1.34E-01 3.10E-02 5.28E-03 1.21E-03 1.28E-05 4.86E-03 3.37E-01 1.82E-05 
5.08E-03 3.65E-02 6.05E-02 3.03E-03 9.93E-04 2.77E-06 2.61E-03 4.00E-01 1.27E-05 
8.52E-03 9.49E-02 7.82E-02 4.64E-03 1.44E-02 1.30E-04 4.60E-03 3.35E-01 1.63E-04 
1.52E-02 4.45E-02 8.08E-02 8.34E-03 2.59E-02 2.84E-04 7.64E-03 3.41E-01 3.04E-04 
2.49E-02 8.60E-02 2.05E-01 1.52E-02 1.45E-03 2.20E-05 1.23E-02 2.46E-01 1.07E-05 
4.22E-02 5.41E-02 4.30E-02 2.51E-02 3.14E-03 2.98E-05 1.97E-02 3.40E-01 1.99E-05 
1.46E-02 3.06E-02 2.80E-02 8.77E-03 3.76E-04 8.04E-06 6.33E-03 4.15E-01 0.00E+00 
4.89E-02 4.72E-02 2.57E-02 2.89E-02 1.18E-02 1.07E-04 2.33E-02 3.38E-01 1.23E-04 
1.64E-02 1.64E-01 4.21E-02 8.72E-03 2.27E-02 2.70E-04 7.29E-03 2.87E-01 2.66E-04 
2.02E-02 1.17E-01 2.89E-02 1.22E-02 2.06E-03 9.63E-06 1.05E-02 3.29E-01 2.59E-05 
6.70E-03 7.10E-02 2.90E-02 3.00E-03 2.22E-02 2.56E-04 2.18E-03 3.74E-01 2.65E-04 
1.82E-02 2.75E-02 2.34E-02 1.10E-02 3.92E-04 5.83E-07 8.34E-03 4.08E-01 8.74E-06 
5.03E-02 2.27E-02 2.60E-03 3.01E-02 6.58E-04 1.33E-05 2.39E-02 3.78E-01 9.92E-06 
6.78E-03 5.42E-01 9.25E-02 4.13E-03 1.56E-03 1.97E-05 3.01E-03 5.18E-02 2.00E-05 
2.38E-03 6.20E-01 3.24E-02 1.24E-03 6.86E-04 0.00E+00 9.23E-04 5.01E-02 1.02E-05 
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Al Ca Fe K Mg Mn Na Si Ti 
3.44E-02 2.38E-01 2.34E-02 1.98E-02 2.60E-02 3.08E-04 1.62E-02 2.28E-01 3.00E-04 
3.99E-03 1.01E-01 2.31E-02 1.52E-03 2.11E-02 2.52E-04 2.96E-03 3.66E-01 2.47E-04 
9.79E-03 5.57E-02 9.93E-02 5.65E-03 8.56E-03 9.98E-05 3.35E-03 3.53E-01 9.13E-05 
5.65E-02 6.06E-02 2.37E-02 3.39E-02 4.23E-04 0.00E+00 2.78E-02 3.26E-01 1.16E-05 
2.72E-03 1.77E-02 7.75E-03 1.65E-03 6.64E-04 0.00E+00 2.20E-03 4.46E-01 7.38E-06 
1.81E-02 9.33E-02 1.05E-01 1.09E-02 1.02E-03 9.92E-06 1.03E-02 3.11E-01 1.29E-05 
4.44E-02 8.04E-02 2.77E-02 2.66E-02 9.52E-04 1.58E-05 2.25E-02 3.27E-01 1.74E-05 
4.56E-02 1.49E-01 7.95E-02 2.77E-02 1.72E-03 1.47E-05 2.29E-02 2.43E-01 2.12E-05 
4.20E-02 6.51E-02 2.80E-02 2.50E-02 3.63E-03 4.61E-05 2.07E-02 3.52E-01 3.45E-05 
6.76E-03 6.15E-02 4.64E-02 2.44E-03 2.96E-02 3.60E-04 2.15E-03 3.64E-01 3.43E-04 
5.73E-02 1.31E-01 2.53E-02 3.46E-02 2.64E-03 3.22E-05 2.83E-02 2.73E-01 3.57E-05 
6.67E-02 1.11E-01 3.20E-02 3.99E-02 8.84E-04 2.16E-05 3.21E-02 2.70E-01 9.18E-06 
3.76E-02 1.73E-01 4.10E-02 2.23E-02 1.24E-02 1.48E-04 1.78E-02 2.62E-01 1.51E-04 
4.82E-03 1.30E-01 1.11E-01 2.63E-03 1.16E-02 1.23E-04 1.71E-03 3.08E-01 1.28E-04 
2.02E-02 2.30E-01 2.25E-01 1.21E-02 7.87E-03 8.53E-05 1.03E-02 1.57E-01 8.48E-05 
7.56E-03 8.90E-02 9.80E-02 4.12E-03 5.56E-03 7.03E-05 3.73E-03 3.30E-01 7.10E-05 
1.20E-02 1.20E-02 1.67E-02 6.98E-03 3.13E-03 5.56E-05 4.59E-03 4.24E-01 4.58E-05 
3.99E-02 1.22E-01 4.50E-02 2.39E-02 3.58E-03 3.96E-05 2.01E-02 2.97E-01 3.29E-05 
3.75E-02 8.93E-02 2.41E-02 2.21E-02 6.88E-03 6.02E-05 1.82E-02 3.39E-01 8.48E-05 
1.68E-02 2.15E-02 6.90E-02 9.74E-03 3.12E-03 4.76E-05 7.58E-03 3.87E-01 3.27E-05 
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APPENDIX D: GAMMA SPECTROSCOPY DATA FROM TRINITY 
 
Table 25. Calculated specific activity of the fallout sample set at t=0 
Sample 
ID 
241Am 
(Bq/Kg)* 
1 σ 137Cs 
(Bq/Kg) 
1 σ 241Pu 
(Bq/Kg) 
1 σ 
T1 1.77E+05 1.27E+03 5.73E+06 2.82E+04 5.98E+06 4.28E+04 
T2 4.88E+04 3.02E+02 9.15E+04 2.48E+03 1.65E+06 1.02E+04 
T3 1.16E+05 9.60E+02 2.54E+06 1.76E+04 3.90E+06 3.24E+04 
T4 1.42E+05 1.07E+03 5.16E+06 2.52E+04 4.80E+06 3.60E+04 
T5 7.35E+04 9.53E+02 1.85E+06 1.89E+04 2.48E+06 3.22E+04 
T6 4.27E+04 6.48E+02 8.89E+04 5.00E+03 1.44E+06 2.19E+04 
T7 1.18E+04 8.23E+01 5.18E+05 2.20E+03 3.97E+05 2.78E+03 
T8 1.18E+05 7.08E+02 3.59E+06 1.53E+04 3.99E+06 2.39E+04 
T9 9.03E+04 1.63E+03 3.01E+06 3.82E+04 3.05E+06 5.52E+04 
T10 2.67E+04 3.89E+02 5.18E+05 6.93E+03 9.02E+05 1.31E+04 
T11 1.14E+05 1.45E+03 8.44E+05 1.46E+04 3.84E+06 4.89E+04 
T12 7.39E+04 1.60E+03 1.48E+06 2.64E+04 2.50E+06 5.39E+04 
T13 6.96E+04 9.57E+02 2.22E+06 2.10E+04 2.35E+06 3.23E+04 
T14 1.17E+05 1.62E+03 4.36E+06 3.85E+04 3.96E+06 5.47E+04 
T15 1.80E+05 1.03E+03 6.78E+06 2.55E+04 6.07E+06 3.47E+04 
T16 1.84E+05 2.13E+03 2.93E+06 3.25E+04 6.21E+06 7.18E+04 
T17 2.98E+05 2.76E+03 6.44E+06 3.79E+04 1.01E+07 9.32E+04 
T18 2.08E+05 1.29E+03 6.46E+06 2.89E+04 7.02E+06 4.37E+04 
T19 7.50E+04 6.56E+02 1.54E+06 1.22E+04 2.53E+06 2.22E+04 
GG1 3.71E+03 4.14E+01 7.43E+04 7.18E+02 1.25E+05 1.40E+03 
GG2 1.16E+03 2.28E+01 2.20E+04 3.64E+02 3.93E+04 7.70E+02 
GG3 6.91E+02 1.69E+01 1.57E+04 2.96E+02 2.33E+04 5.72E+02 
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Figure 60. HPGE spectrum sample T1 
 
Figure 61. HPGE spectrum sample T2. 
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Figure 62. HPGE spectrum sample T3 
 
Figure 63. HPGE spectrum sample T4. 
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Figure 64. HPGE Spectrum sample T5. 
 
Figure 65. HPGE spectrum sample T6. 
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Figure 66. HPGE spectrum sample T7. 
 
Figure 67. HPGE spectrum sample T8. 
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Figure 68. HPGE spectrum sample T9. 
 
Figure 69. HPGE spectrum sample T10. 
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Figure 70. HPGE spectrum sample T11. 
 
Figure 71. HPGE spectrum sample T12. 
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Figure 72. HPGE spectrum sample T13. 
 
Figure 73. HPGE spectrum sample T14. 
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Figure 74. HPGE spectrum sample T15. 
 
Figure 75. HPGE spectrum sample T16. 
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Figure 76. HPGE spectrum sample T17. 
 
Figure 77. HPGE spectrum sample T18. 
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Figure 78. HPGE spectrum sample T19. 
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APPENDIX E: RAW COMPOSITIONAL DATA FROM TRINITY FALLOUT 
 
Figure 79. Bivariate plots of element concentrations in the fallout dataset. 
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Table 26. Raw compositional data from 13 fallout samples 
ID Al Ca Fe K Mg Na Si Ti 
T11 8.9E-02 1.8E-01 2.8E-02 2.7E-03 8.3E-03 4.0E-03 2.3E-01 4.1E-03 
T11 9.2E-02 1.8E-01 2.8E-02 1.4E-03 8.9E-03 3.1E-03 2.3E-01 3.2E-03 
T11 9.8E-02 1.9E-01 2.7E-02 2.8E-03 9.6E-03 4.2E-03 2.3E-01 3.5E-03 
T11 9.8E-02 2.0E-01 2.8E-02 2.5E-04 9.7E-03 4.6E-04 2.2E-01 3.2E-03 
T11 1.0E-01 2.0E-01 2.7E-02 7.6E-04 9.9E-03 4.3E-04 2.3E-01 3.5E-03 
T11 9.9E-02 2.0E-01 2.7E-02 2.0E-04 9.6E-03 1.4E-03 2.3E-01 3.3E-03 
T11 9.7E-02 2.0E-01 2.7E-02 1.0E-03 9.4E-03 2.4E-03 2.3E-01 3.2E-03 
T11 1.0E-01 1.9E-01 2.7E-02 3.6E-04 1.0E-02 1.4E-03 2.3E-01 3.1E-03 
T11 1.0E-01 2.0E-01 2.8E-02 1.3E-03 1.0E-02 3.0E-04 2.3E-01 3.2E-03 
T11 9.8E-02 2.0E-01 2.7E-02 1.0E-03 9.5E-03 4.9E-04 2.2E-01 3.2E-03 
T11 9.8E-02 2.0E-01 2.7E-02 1.9E-04 9.6E-03 2.5E-03 2.3E-01 3.4E-03 
T11 9.7E-02 2.0E-01 2.7E-02 5.0E-04 9.5E-03 3.1E-04 2.2E-01 3.1E-03 
T11 9.9E-02 2.0E-01 2.7E-02 3.3E-04 9.8E-03 4.7E-04 2.3E-01 3.1E-03 
T11 9.8E-02 2.0E-01 2.6E-02 2.7E-04 9.8E-03 4.4E-04 2.3E-01 3.0E-03 
T11 8.6E-02 1.8E-01 3.1E-02 8.5E-03 9.0E-03 5.6E-03 2.5E-01 2.8E-03 
T11 1.0E-01 2.0E-01 2.7E-02 7.5E-04 9.9E-03 1.4E-03 2.3E-01 3.1E-03 
T11 9.8E-02 2.0E-01 2.8E-02 8.7E-04 9.7E-03 5.2E-04 2.3E-01 3.0E-03 
T11 1.0E-01 2.0E-01 2.7E-02 2.1E-04 1.0E-02 1.3E-03 2.3E-01 2.9E-03 
T11 9.9E-02 2.0E-01 2.9E-02 1.6E-04 9.7E-03 3.1E-03 2.3E-01 3.0E-03 
T11 1.0E-01 2.0E-01 2.7E-02 3.8E-04 1.0E-02 2.0E-03 2.3E-01 3.0E-03 
T11 9.8E-02 1.9E-01 2.8E-02 1.5E-03 9.5E-03 2.3E-03 2.3E-01 2.8E-03 
T11 1.0E-01 2.0E-01 2.7E-02 1.1E-04 9.8E-03 1.6E-03 2.3E-01 3.2E-03 
T11 1.0E-01 2.0E-01 2.8E-02 7.1E-04 1.0E-02 1.5E-03 2.3E-01 3.2E-03 
T11 1.0E-01 1.9E-01 2.8E-02 9.1E-04 1.0E-02 2.1E-03 2.3E-01 3.0E-03 
T11 9.9E-02 2.0E-01 2.8E-02 1.4E-04 9.8E-03 5.7E-04 2.3E-01 3.2E-03 
T11 9.9E-02 2.0E-01 2.7E-02 8.5E-05 9.8E-03 1.7E-03 2.3E-01 2.8E-03 
T11 1.0E-01 2.0E-01 2.8E-02 7.8E-04 9.9E-03 1.2E-03 2.3E-01 3.3E-03 
T11 1.0E-01 1.8E-01 2.9E-02 6.4E-03 1.0E-02 5.3E-03 2.4E-01 3.2E-03 
T11 1.0E-01 1.8E-01 2.9E-02 4.6E-03 1.1E-02 6.2E-03 2.4E-01 3.1E-03 
T11 1.0E-01 2.0E-01 2.7E-02 1.7E-04 1.1E-02 1.7E-03 2.4E-01 3.1E-03 
T11 1.0E-01 2.0E-01 2.7E-02 6.8E-04 9.9E-03 3.7E-04 2.3E-01 3.2E-03 
T11 1.0E-01 2.0E-01 2.8E-02 9.9E-04 1.0E-02 1.8E-03 2.3E-01 3.0E-03 
T11 1.0E-01 2.0E-01 2.7E-02 9.8E-04 1.1E-02 2.2E-03 2.4E-01 3.4E-03 
T11 1.0E-01 2.0E-01 2.7E-02 1.0E-03 1.0E-02 1.6E-03 2.3E-01 3.2E-03 
T11 9.3E-02 1.9E-01 2.6E-02 1.4E-03 9.6E-03 1.4E-03 2.4E-01 3.0E-03 
T11 9.7E-02 1.9E-01 2.6E-02 1.3E-03 1.0E-02 1.7E-03 2.5E-01 2.9E-03 
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ID Al Ca Fe K Mg Na Si Ti 
T11 1.0E-01 2.0E-01 2.7E-02 7.4E-04 1.0E-02 1.4E-03 2.4E-01 3.2E-03 
T11 1.0E-01 2.0E-01 2.7E-02 7.0E-04 1.0E-02 1.6E-03 2.3E-01 3.3E-03 
T11 1.0E-01 2.0E-01 2.7E-02 1.2E-04 1.0E-02 1.8E-03 2.4E-01 3.3E-03 
T11 1.0E-01 2.0E-01 2.7E-02 1.0E-03 1.0E-02 1.6E-03 2.4E-01 3.1E-03 
T11 1.0E-01 2.0E-01 2.7E-02 1.4E-04 1.0E-02 3.5E-04 2.3E-01 3.2E-03 
T11 1.0E-01 2.0E-01 2.7E-02 8.7E-04 1.0E-02 1.7E-03 2.3E-01 3.4E-03 
T11 1.0E-01 1.9E-01 2.7E-02 9.8E-04 1.0E-02 1.8E-03 2.4E-01 2.7E-03 
T11 1.0E-01 2.0E-01 2.8E-02 8.2E-07 1.0E-02 1.4E-03 2.3E-01 3.3E-03 
T11 1.0E-01 2.0E-01 2.7E-02 1.7E-04 1.1E-02 4.0E-04 2.3E-01 3.2E-03 
T11 1.0E-01 2.0E-01 2.7E-02 6.0E-05 1.0E-02 2.2E-04 2.3E-01 3.0E-03 
T11 1.0E-01 2.0E-01 2.7E-02 8.6E-04 1.0E-02 2.5E-04 2.3E-01 3.1E-03 
T11 1.0E-01 2.1E-01 2.8E-02 9.1E-04 1.0E-02 1.7E-04 2.4E-01 3.2E-03 
T11 1.0E-01 1.9E-01 2.7E-02 3.8E-04 1.0E-02 2.3E-04 2.4E-01 2.9E-03 
T11 1.0E-01 2.1E-01 2.7E-02 8.8E-04 1.0E-02 1.9E-04 2.3E-01 3.0E-03 
T11 1.0E-01 2.0E-01 2.7E-02 1.1E-04 1.1E-02 2.9E-04 2.4E-01 3.0E-03 
T11 1.0E-01 2.0E-01 2.8E-02 9.2E-04 1.0E-02 2.6E-04 2.3E-01 3.1E-03 
T11 1.0E-01 2.0E-01 2.7E-02 3.5E-05 1.0E-02 1.5E-03 2.4E-01 3.0E-03 
T11 1.0E-01 2.0E-01 2.7E-02 9.4E-04 1.0E-02 1.2E-03 2.3E-01 3.2E-03 
T11 1.0E-01 2.1E-01 2.8E-02 1.1E-04 1.0E-02 1.2E-03 2.3E-01 3.0E-03 
T11 1.0E-01 1.9E-01 2.7E-02 3.9E-04 1.1E-02 1.1E-04 2.4E-01 3.0E-03 
T11 1.0E-01 2.0E-01 2.7E-02 5.9E-04 1.0E-02 1.1E-04 2.3E-01 3.3E-03 
T11 1.0E-01 2.0E-01 2.7E-02 8.7E-04 1.1E-02 3.7E-04 2.4E-01 3.2E-03 
T11 1.0E-01 2.0E-01 2.7E-02 2.4E-05 1.0E-02 3.0E-04 2.4E-01 3.0E-03 
T11 1.0E-01 2.0E-01 2.7E-02 8.5E-04 1.1E-02 1.5E-03 2.4E-01 3.2E-03 
T11 1.0E-01 2.0E-01 2.6E-02 8.8E-04 1.0E-02 2.3E-04 2.3E-01 3.4E-03 
T11 1.0E-01 2.0E-01 2.8E-02 7.3E-04 1.0E-02 1.7E-03 2.4E-01 3.1E-03 
T11 1.1E-01 2.0E-01 2.7E-02 2.9E-05 1.1E-02 1.6E-03 2.4E-01 3.1E-03 
T11 1.0E-01 2.0E-01 2.7E-02 8.6E-04 1.0E-02 1.9E-04 2.3E-01 3.1E-03 
T11 1.0E-01 2.0E-01 2.7E-02 7.6E-04 1.0E-02 1.5E-04 2.3E-01 3.2E-03 
T11 1.0E-01 1.9E-01 2.7E-02 4.0E-04 1.1E-02 1.5E-03 2.4E-01 3.1E-03 
T11 1.0E-01 2.0E-01 2.7E-02 6.2E-04 1.0E-02 2.0E-04 2.3E-01 3.2E-03 
T11 1.0E-01 2.0E-01 2.8E-02 1.5E-03 1.0E-02 2.1E-03 2.4E-01 3.2E-03 
T11 9.4E-02 1.9E-01 2.4E-02 8.1E-04 9.5E-03 1.7E-03 2.4E-01 3.0E-03 
T11 1.0E-01 2.0E-01 2.8E-02 9.8E-04 1.0E-02 1.8E-03 2.4E-01 3.1E-03 
T11 1.0E-01 2.0E-01 2.7E-02 8.2E-04 1.0E-02 3.4E-04 2.3E-01 3.3E-03 
T11 1.0E-01 2.0E-01 2.7E-02 6.8E-04 1.1E-02 1.4E-03 2.4E-01 3.2E-03 
T11 1.0E-01 2.0E-01 2.7E-02 9.1E-04 1.0E-02 2.6E-04 2.3E-01 3.2E-03 
T11 1.1E-01 2.0E-01 2.7E-02 7.4E-04 1.0E-02 1.8E-03 2.4E-01 3.3E-03 
T11 1.0E-01 2.0E-01 2.8E-02 9.9E-04 1.1E-02 1.9E-03 2.4E-01 3.1E-03 
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ID Al Ca Fe K Mg Na Si Ti 
T11 1.0E-01 2.0E-01 2.7E-02 9.7E-04 1.1E-02 1.8E-03 2.4E-01 2.9E-03 
T11 1.0E-01 2.0E-01 2.7E-02 1.2E-03 1.0E-02 2.2E-03 2.4E-01 3.0E-03 
T11 1.0E-01 2.0E-01 2.7E-02 1.3E-03 1.0E-02 1.7E-03 2.3E-01 3.5E-03 
T11 1.0E-01 1.9E-01 2.7E-02 3.8E-03 1.0E-02 2.9E-03 2.4E-01 2.9E-03 
T11 1.0E-01 2.0E-01 2.7E-02 6.2E-04 1.0E-02 2.0E-03 2.3E-01 3.3E-03 
T11 1.0E-01 1.9E-01 2.9E-02 3.2E-03 1.1E-02 2.6E-03 2.4E-01 3.3E-03 
T11 1.0E-01 2.0E-01 2.6E-02 1.5E-03 1.0E-02 2.0E-03 2.3E-01 3.4E-03 
T11 9.9E-02 1.9E-01 2.7E-02 1.7E-03 9.4E-03 2.8E-03 2.3E-01 3.2E-03 
T11 1.0E-01 2.0E-01 2.6E-02 9.6E-04 1.0E-02 1.9E-03 2.3E-01 3.4E-03 
T11 1.0E-01 2.0E-01 2.8E-02 1.1E-03 1.0E-02 2.0E-03 2.3E-01 2.9E-03 
T11 1.0E-01 2.0E-01 2.8E-02 4.1E-03 1.0E-02 2.6E-03 2.4E-01 3.2E-03 
T11 1.0E-01 2.0E-01 2.8E-02 1.6E-03 1.0E-02 1.9E-03 2.4E-01 3.3E-03 
T11 1.0E-01 2.0E-01 2.7E-02 1.3E-03 1.0E-02 2.4E-03 2.3E-01 3.2E-03 
T11 9.5E-02 2.0E-01 2.7E-02 2.0E-03 9.4E-03 1.6E-03 2.2E-01 3.5E-03 
T11 9.1E-02 1.9E-01 2.6E-02 1.0E-03 9.5E-03 1.6E-03 2.3E-01 3.4E-03 
T11 9.3E-02 2.0E-01 2.7E-02 8.3E-04 9.5E-03 9.5E-04 2.2E-01 5.8E-03 
T11 9.5E-02 1.9E-01 2.5E-02 1.8E-03 9.6E-03 1.2E-03 2.2E-01 3.5E-03 
T11 9.0E-02 2.0E-01 2.7E-02 6.5E-04 9.3E-03 1.2E-03 2.2E-01 2.9E-03 
T11 9.4E-02 1.9E-01 2.6E-02 8.3E-04 9.2E-03 1.8E-03 2.2E-01 3.4E-03 
T11 9.3E-02 2.0E-01 2.5E-02 9.4E-04 8.7E-03 2.5E-03 2.1E-01 3.4E-03 
T11 9.3E-02 1.9E-01 2.5E-02 1.2E-03 8.9E-03 3.3E-03 2.3E-01 3.2E-03 
T11 9.2E-02 1.8E-01 3.8E-02 1.1E-03 1.3E-02 2.7E-03 2.2E-01 7.7E-03 
T11 9.2E-02 1.8E-01 2.8E-02 1.8E-03 1.0E-02 1.1E-03 2.3E-01 4.3E-03 
T11 9.3E-02 1.9E-01 2.6E-02 2.3E-03 9.3E-03 1.7E-03 2.2E-01 3.1E-03 
T11 9.2E-02 1.8E-01 2.6E-02 3.1E-03 9.1E-03 3.1E-03 2.3E-01 3.0E-03 
T11 8.2E-02 1.8E-01 4.2E-02 8.9E-04 3.2E-02 3.9E-03 2.1E-01 7.7E-03 
T11 9.6E-02 1.9E-01 2.6E-02 1.3E-03 9.2E-03 3.1E-03 2.3E-01 3.7E-03 
T11 9.0E-02 1.9E-01 3.0E-02 2.4E-03 8.6E-03 3.9E-03 2.2E-01 3.5E-03 
T11 9.0E-02 1.7E-01 2.7E-02 5.8E-03 8.4E-03 5.1E-03 2.4E-01 2.5E-03 
T11 9.3E-02 1.8E-01 2.6E-02 3.8E-03 9.1E-03 3.5E-03 2.2E-01 4.0E-03 
T11 9.0E-02 1.8E-01 2.6E-02 1.4E-03 8.7E-03 3.7E-03 2.2E-01 3.3E-03 
T11 8.7E-02 1.8E-01 2.4E-02 1.3E-03 1.1E-02 4.1E-03 2.3E-01 2.9E-03 
T11 7.9E-02 1.5E-01 3.1E-02 1.5E-02 7.5E-03 7.1E-03 2.5E-01 2.5E-03 
T11 9.8E-02 1.8E-01 2.6E-02 3.8E-04 9.8E-03 8.2E-04 2.3E-01 2.9E-03 
T11 9.4E-02 2.0E-01 2.6E-02 6.7E-04 9.0E-03 3.0E-03 2.1E-01 3.8E-03 
T11 9.5E-02 1.9E-01 2.8E-02 1.1E-03 9.0E-03 4.6E-03 2.2E-01 3.2E-03 
T11 1.0E-01 2.0E-01 2.6E-02 1.0E-03 1.0E-02 2.0E-04 2.3E-01 2.9E-03 
T11 1.0E-01 2.0E-01 2.6E-02 3.6E-04 1.0E-02 1.4E-03 2.3E-01 2.9E-03 
T11 9.8E-02 1.9E-01 2.7E-02 7.4E-04 9.7E-03 1.4E-03 2.3E-01 3.2E-03 
 
 
260 
ID Al Ca Fe K Mg Na Si Ti 
T11 9.8E-02 1.9E-01 2.7E-02 8.8E-04 9.7E-03 1.8E-03 2.3E-01 3.1E-03 
T11 9.9E-02 2.0E-01 2.7E-02 9.7E-05 9.8E-03 3.3E-04 2.2E-01 3.4E-03 
T11 1.0E-01 2.0E-01 2.7E-02 1.0E-04 1.0E-02 3.7E-04 2.3E-01 3.4E-03 
T11 9.8E-02 1.9E-01 2.8E-02 7.8E-04 9.6E-03 1.6E-03 2.3E-01 3.3E-03 
T11 9.9E-02 1.9E-01 2.7E-02 8.8E-04 9.8E-03 2.0E-03 2.3E-01 3.0E-03 
T11 9.8E-02 2.1E-01 2.7E-02 5.1E-05 9.7E-03 1.1E-03 2.2E-01 3.7E-03 
T11 1.0E-01 2.0E-01 2.7E-02 1.9E-04 1.0E-02 1.8E-03 2.3E-01 3.3E-03 
T11 9.5E-02 2.0E-01 2.7E-02 8.6E-04 9.5E-03 1.6E-03 2.3E-01 3.6E-03 
T11 9.7E-02 2.0E-01 2.7E-02 8.9E-04 9.5E-03 1.6E-03 2.3E-01 3.0E-03 
T11 1.0E-01 2.0E-01 2.7E-02 2.2E-04 9.8E-03 5.1E-04 2.3E-01 3.0E-03 
T11 9.8E-02 2.0E-01 2.8E-02 7.4E-04 9.5E-03 1.5E-03 2.3E-01 3.4E-03 
T11 9.9E-02 1.9E-01 2.8E-02 8.1E-04 9.7E-03 1.7E-03 2.3E-01 3.0E-03 
T11 9.2E-02 1.9E-01 2.6E-02 1.2E-03 9.8E-03 3.3E-03 2.5E-01 2.8E-03 
T11 9.7E-02 2.0E-01 2.8E-02 3.8E-04 9.5E-03 1.2E-03 2.3E-01 3.6E-03 
T11 1.0E-01 2.0E-01 2.9E-02 2.8E-04 9.8E-03 1.7E-03 2.3E-01 3.0E-03 
T11 9.8E-02 1.9E-01 2.8E-02 1.1E-03 9.6E-03 1.6E-03 2.3E-01 2.9E-03 
T11 9.6E-02 1.9E-01 2.6E-02 1.2E-03 1.0E-02 3.8E-03 2.4E-01 3.0E-03 
T11 9.6E-02 2.0E-01 2.7E-02 1.1E-03 9.3E-03 1.2E-03 2.3E-01 3.7E-03 
T11 9.6E-02 1.9E-01 2.6E-02 1.0E-03 9.6E-03 1.7E-03 2.4E-01 3.0E-03 
T11 9.7E-02 1.9E-01 2.8E-02 1.6E-03 1.0E-02 3.5E-03 2.4E-01 2.9E-03 
T11 1.0E-01 1.9E-01 2.6E-02 3.9E-04 1.0E-02 1.5E-03 2.3E-01 3.2E-03 
T11 1.0E-01 1.9E-01 2.9E-02 8.0E-04 9.9E-03 4.8E-04 2.3E-01 3.4E-03 
T11 9.5E-02 2.0E-01 2.7E-02 1.8E-04 9.6E-03 1.6E-03 2.3E-01 3.1E-03 
T12 7.7E-02 6.2E-02 2.0E-02 2.7E-02 5.0E-03 1.2E-02 3.1E-01 1.8E-03 
T12 7.6E-02 6.6E-02 2.1E-02 2.5E-02 5.8E-03 1.2E-02 3.1E-01 2.1E-03 
T12 7.4E-02 6.4E-02 2.0E-02 2.7E-02 4.7E-03 1.2E-02 3.1E-01 2.4E-03 
T12 4.2E-02 3.5E-02 8.5E-03 2.6E-02 2.6E-03 7.2E-03 3.6E-01 1.1E-03 
T12 2.6E-03 2.0E-03 1.1E-03 2.9E-03 2.7E-04 3.3E-03 4.4E-01 2.6E-05 
T12 6.9E-02 7.2E-02 1.5E-02 2.5E-02 4.5E-03 1.2E-02 3.0E-01 2.1E-03 
T12 6.7E-02 6.9E-02 2.6E-02 2.3E-02 5.6E-03 1.1E-02 3.2E-01 1.9E-03 
T12 7.2E-02 7.0E-02 1.9E-02 2.5E-02 5.1E-03 1.2E-02 3.1E-01 2.3E-03 
T12 6.8E-02 6.6E-02 2.1E-02 2.5E-02 5.2E-03 9.6E-03 3.4E-01 1.5E-03 
T12 6.7E-02 7.9E-02 2.6E-02 2.3E-02 5.4E-03 9.6E-03 3.4E-01 1.9E-03 
T12 6.9E-02 8.5E-02 2.0E-02 2.4E-02 4.9E-03 1.0E-02 3.3E-01 1.8E-03 
T12 7.9E-02 6.2E-02 1.3E-02 3.1E-02 5.0E-03 1.1E-02 3.4E-01 1.9E-03 
T12 7.3E-02 5.5E-02 1.1E-02 3.1E-02 4.7E-03 1.1E-02 3.4E-01 1.8E-03 
T12 7.0E-02 5.1E-02 1.3E-02 3.1E-02 4.7E-03 1.1E-02 3.4E-01 2.6E-03 
T12 7.1E-02 8.3E-02 2.0E-02 2.4E-02 5.5E-03 1.1E-02 3.3E-01 2.0E-03 
T12 7.1E-02 8.0E-02 2.1E-02 2.5E-02 5.2E-03 1.0E-02 3.3E-01 2.0E-03 
 
 
261 
ID Al Ca Fe K Mg Na Si Ti 
T12 6.9E-02 9.2E-02 2.4E-02 2.3E-02 5.5E-03 1.0E-02 3.3E-01 2.1E-03 
T12 7.0E-02 6.3E-02 9.9E-03 3.2E-02 4.6E-03 1.2E-02 3.4E-01 1.6E-03 
T12 5.8E-02 5.0E-02 7.7E-03 3.2E-02 4.1E-03 1.0E-02 3.7E-01 1.3E-03 
T12 6.8E-02 5.9E-02 8.9E-03 3.2E-02 4.4E-03 1.1E-02 3.5E-01 1.6E-03 
T12 4.7E-02 5.5E-02 1.3E-02 2.6E-02 3.9E-03 7.5E-03 3.7E-01 1.4E-03 
T12 5.3E-02 5.8E-02 1.3E-02 2.7E-02 4.1E-03 7.9E-03 3.7E-01 1.4E-03 
T12 7.0E-02 6.2E-02 9.7E-03 3.0E-02 4.7E-03 1.2E-02 3.5E-01 1.4E-03 
T12 6.4E-02 5.9E-02 9.8E-03 3.0E-02 4.5E-03 1.1E-02 3.6E-01 1.3E-03 
T12 5.7E-02 4.9E-02 7.9E-03 3.0E-02 4.0E-03 9.9E-03 3.7E-01 1.4E-03 
T12 7.8E-02 6.4E-02 1.4E-02 3.0E-02 5.0E-03 1.1E-02 3.3E-01 2.5E-03 
T12 6.1E-02 6.2E-02 1.5E-02 2.7E-02 4.3E-03 9.6E-03 3.6E-01 1.6E-03 
T12 4.1E-02 4.4E-02 7.3E-03 2.6E-02 3.5E-03 6.5E-03 3.9E-01 1.0E-03 
T12 4.9E-02 4.6E-02 8.5E-03 2.8E-02 3.7E-03 8.2E-03 3.8E-01 1.1E-03 
T12 6.9E-02 6.3E-02 1.1E-02 2.8E-02 4.9E-03 1.2E-02 3.5E-01 1.4E-03 
T12 5.1E-02 4.6E-02 7.9E-03 2.9E-02 3.8E-03 9.0E-03 3.8E-01 1.0E-03 
T12 4.9E-02 3.8E-02 6.6E-03 3.1E-02 3.2E-03 8.1E-03 3.9E-01 1.0E-03 
T12 6.5E-02 5.5E-02 9.7E-03 3.1E-02 4.3E-03 1.0E-02 3.5E-01 1.6E-03 
T12 6.2E-02 5.1E-02 9.9E-03 2.9E-02 4.4E-03 1.1E-02 3.6E-01 1.4E-03 
T12 6.4E-02 5.9E-02 1.0E-02 2.9E-02 4.3E-03 1.1E-02 3.4E-01 1.6E-03 
T12 3.8E-02 2.9E-02 7.6E-03 2.5E-02 3.1E-03 9.9E-03 3.6E-01 7.7E-04 
T12 1.2E-02 1.2E-02 5.0E-03 1.6E-02 8.4E-05 4.8E-03 4.5E-01 4.9E-04 
T12 7.0E-02 5.8E-02 1.2E-02 2.9E-02 4.9E-03 1.2E-02 3.5E-01 1.8E-03 
T12 6.9E-02 5.5E-02 1.1E-02 2.8E-02 5.0E-03 1.2E-02 3.6E-01 1.6E-03 
T12 5.4E-02 4.2E-02 8.8E-03 3.1E-02 3.4E-03 9.2E-03 3.6E-01 1.4E-03 
T12 2.5E-02 1.8E-02 6.6E-03 1.9E-02 3.5E-03 8.2E-03 4.0E-01 8.0E-04 
T12 5.1E-03 1.1E-02 3.8E-03 7.3E-03 2.0E-03 3.6E-03 4.7E-01 2.3E-04 
T12 7.1E-02 6.0E-02 1.2E-02 3.0E-02 4.4E-03 1.2E-02 3.3E-01 1.9E-03 
T12 5.4E-02 4.2E-02 8.8E-03 3.1E-02 3.5E-03 9.1E-03 3.6E-01 1.4E-03 
T12 3.1E-02 2.3E-02 7.0E-03 2.3E-02 3.0E-03 6.0E-03 4.2E-01 7.8E-04 
T12 1.9E-02 2.4E-02 8.5E-03 1.6E-02 2.8E-03 3.9E-03 4.3E-01 3.2E-04 
T12 7.3E-02 8.2E-02 2.1E-02 2.2E-02 6.4E-03 1.1E-02 3.3E-01 2.1E-03 
T12 6.5E-02 4.8E-02 9.9E-03 2.9E-02 4.4E-03 1.0E-02 3.6E-01 1.5E-03 
T12 6.0E-02 4.5E-02 1.0E-02 2.8E-02 3.9E-03 9.7E-03 3.6E-01 1.9E-03 
T12 4.1E-02 3.2E-02 7.9E-03 2.7E-02 3.6E-03 7.5E-03 4.0E-01 1.0E-03 
T12 6.0E-02 6.6E-02 1.7E-02 2.5E-02 5.3E-03 9.8E-03 3.6E-01 1.8E-03 
T12 7.3E-02 7.9E-02 2.1E-02 2.1E-02 6.1E-03 1.1E-02 3.3E-01 2.0E-03 
T12 3.3E-03 3.2E-03 1.2E-03 3.0E-03 1.3E-03 2.1E-03 4.8E-01 0.0E+00 
T12 5.9E-02 5.4E-02 9.9E-03 2.7E-02 4.2E-03 1.0E-02 3.6E-01 1.6E-03 
T12 6.2E-02 5.5E-02 1.0E-02 2.6E-02 4.3E-03 1.1E-02 3.6E-01 1.6E-03 
 
 
262 
ID Al Ca Fe K Mg Na Si Ti 
T12 6.0E-02 4.8E-02 1.1E-02 2.8E-02 4.8E-03 9.9E-03 3.7E-01 1.7E-03 
T12 7.4E-02 8.0E-02 1.9E-02 2.4E-02 5.9E-03 1.2E-02 3.3E-01 2.2E-03 
T12 7.0E-02 7.7E-02 2.3E-02 2.3E-02 5.9E-03 1.1E-02 3.4E-01 2.1E-03 
T12 5.9E-02 5.9E-02 1.1E-02 2.7E-02 4.1E-03 1.0E-02 3.2E-01 2.0E-03 
T12 6.2E-02 5.8E-02 9.8E-03 2.6E-02 4.1E-03 1.1E-02 3.3E-01 1.5E-03 
T12 6.2E-02 5.5E-02 1.0E-02 2.7E-02 4.0E-03 1.1E-02 3.2E-01 1.7E-03 
T12 6.9E-02 6.1E-02 1.8E-02 2.3E-02 4.7E-03 1.1E-02 3.2E-01 1.9E-03 
T12 6.2E-02 7.0E-02 2.4E-02 2.2E-02 5.0E-03 9.6E-03 3.1E-01 2.4E-03 
T12 6.5E-02 6.6E-02 2.0E-02 2.1E-02 4.9E-03 9.4E-03 3.2E-01 1.7E-03 
T12 6.7E-02 7.3E-02 2.0E-02 2.3E-02 4.6E-03 9.7E-03 3.1E-01 2.3E-03 
T12 7.3E-02 7.4E-02 1.6E-02 2.3E-02 4.7E-03 1.1E-02 3.0E-01 1.9E-03 
T12 7.1E-02 7.4E-02 1.7E-02 2.2E-02 4.8E-03 1.1E-02 3.1E-01 2.0E-03 
T12 7.0E-02 8.1E-02 1.7E-02 2.2E-02 5.0E-03 1.1E-02 3.0E-01 2.5E-03 
T12 6.9E-02 7.3E-02 1.4E-02 2.4E-02 4.4E-03 1.0E-02 3.1E-01 1.8E-03 
T12 6.9E-02 7.8E-02 1.8E-02 2.3E-02 4.8E-03 1.1E-02 3.0E-01 2.6E-03 
T12 7.0E-02 7.3E-02 1.9E-02 2.2E-02 5.1E-03 1.1E-02 3.2E-01 1.9E-03 
T12 6.7E-02 6.3E-02 1.9E-02 2.6E-02 5.6E-03 1.0E-02 3.3E-01 2.6E-03 
T12 8.2E-02 7.7E-02 1.9E-02 2.5E-02 6.1E-03 1.1E-02 3.1E-01 2.3E-03 
T12 6.8E-02 7.2E-02 2.0E-02 2.4E-02 5.6E-03 1.0E-02 3.3E-01 1.9E-03 
T13 5.7E-02 5.0E-02 2.1E-02 3.4E-02 4.5E-03 1.5E-02 3.3E-01 1.1E-03 
T13 6.7E-02 5.8E-02 1.4E-02 2.6E-02 4.9E-03 1.4E-02 3.2E-01 1.8E-03 
T13 5.2E-02 5.0E-02 1.1E-02 2.8E-02 3.9E-03 1.4E-02 3.3E-01 2.0E-03 
T13 5.8E-02 5.9E-02 9.1E-03 2.7E-02 4.5E-03 1.4E-02 3.2E-01 1.8E-03 
T13 8.0E-02 5.7E-02 3.0E-02 3.1E-02 5.8E-03 1.8E-02 3.0E-01 2.0E-03 
T13 6.3E-02 5.6E-02 2.5E-02 4.2E-02 4.7E-03 1.6E-02 3.0E-01 2.0E-03 
T13 9.5E-02 8.1E-02 1.9E-02 1.5E-02 8.0E-03 1.3E-02 2.9E-01 3.7E-03 
T13 6.9E-02 9.2E-02 3.1E-02 2.0E-02 6.6E-03 1.1E-02 2.8E-01 3.0E-03 
T13 7.1E-02 6.9E-02 1.1E-02 2.7E-02 5.1E-03 1.5E-02 3.2E-01 1.8E-03 
T13 6.5E-02 6.3E-02 1.1E-02 2.6E-02 5.1E-03 1.4E-02 3.3E-01 1.7E-03 
T13 3.9E-02 4.4E-02 2.6E-02 2.4E-02 1.7E-03 1.6E-02 3.7E-01 1.6E-03 
T13 6.8E-02 7.1E-02 1.2E-02 2.8E-02 5.2E-03 1.4E-02 3.2E-01 2.1E-03 
T13 7.3E-02 6.9E-02 1.0E-02 2.7E-02 5.3E-03 1.5E-02 3.3E-01 2.0E-03 
T13 6.5E-02 6.4E-02 1.0E-02 2.5E-02 4.9E-03 1.4E-02 3.4E-01 2.2E-03 
T13 6.9E-02 6.7E-02 1.0E-02 2.5E-02 4.7E-03 1.5E-02 3.2E-01 1.8E-03 
T13 6.9E-02 6.8E-02 1.1E-02 2.6E-02 4.9E-03 1.5E-02 3.3E-01 2.1E-03 
T13 4.6E-02 4.9E-02 9.5E-03 2.7E-02 1.1E-03 1.1E-02 3.5E-01 1.4E-03 
T13 7.3E-02 7.0E-02 1.0E-02 2.7E-02 5.1E-03 1.5E-02 3.3E-01 2.0E-03 
T13 7.4E-02 7.2E-02 1.1E-02 2.5E-02 5.2E-03 1.5E-02 3.2E-01 2.2E-03 
T13 6.8E-02 6.5E-02 9.9E-03 2.5E-02 4.7E-03 1.5E-02 3.3E-01 2.0E-03 
 
 
263 
ID Al Ca Fe K Mg Na Si Ti 
T13 7.3E-02 7.3E-02 1.2E-02 2.6E-02 5.3E-03 1.5E-02 3.2E-01 2.2E-03 
T13 6.5E-02 6.3E-02 1.0E-02 2.7E-02 4.6E-03 1.5E-02 3.4E-01 1.8E-03 
T13 5.4E-02 5.2E-02 9.2E-03 2.6E-02 4.5E-03 1.3E-02 3.6E-01 1.8E-03 
T13 2.8E-02 4.8E-02 5.0E-02 3.2E-02 5.6E-03 1.7E-02 3.4E-01 1.9E-03 
T13 5.8E-02 6.3E-02 2.4E-02 2.9E-02 6.0E-03 1.6E-02 3.2E-01 1.2E-02 
T13 6.8E-02 6.6E-02 1.4E-02 2.7E-02 5.4E-03 1.5E-02 3.3E-01 1.7E-03 
T13 6.3E-02 6.2E-02 1.0E-02 2.7E-02 4.8E-03 1.4E-02 3.4E-01 1.9E-03 
T13 6.9E-02 6.8E-02 1.1E-02 2.6E-02 4.8E-03 1.5E-02 3.3E-01 1.9E-03 
T13 5.5E-02 6.1E-02 3.5E-02 3.4E-02 5.9E-03 1.6E-02 3.3E-01 1.9E-03 
T13 6.5E-02 6.9E-02 1.9E-02 2.7E-02 5.7E-03 1.6E-02 3.3E-01 1.9E-03 
T13 7.7E-02 6.5E-02 1.4E-02 2.8E-02 5.4E-03 1.7E-02 3.2E-01 2.2E-03 
T13 5.1E-02 3.7E-02 1.5E-02 3.1E-02 4.0E-03 1.4E-02 3.6E-01 1.4E-03 
T13 3.8E-02 5.4E-02 5.5E-02 3.0E-02 5.8E-03 1.5E-02 3.4E-01 1.8E-03 
T13 7.1E-02 7.0E-02 1.3E-02 2.9E-02 5.3E-03 1.5E-02 3.2E-01 2.1E-03 
T13 5.2E-02 4.6E-02 7.9E-03 2.7E-02 3.9E-03 1.4E-02 3.7E-01 1.2E-03 
T13 3.0E-03 4.6E-03 8.7E-04 2.5E-03 1.1E-03 2.7E-03 4.7E-01 8.4E-05 
T13 6.3E-02 5.6E-02 9.8E-03 2.8E-02 4.5E-03 1.5E-02 3.4E-01 1.8E-03 
T13 5.1E-02 5.6E-02 9.5E-03 2.5E-02 4.8E-03 1.3E-02 3.5E-01 1.4E-03 
T13 7.2E-02 6.6E-02 1.1E-02 2.7E-02 5.1E-03 1.6E-02 3.3E-01 1.8E-03 
T13 3.0E-03 2.0E-04 2.9E-04 2.3E-03 8.6E-04 2.1E-03 4.7E-01 2.9E-04 
T13 7.3E-02 6.7E-02 1.1E-02 2.7E-02 5.2E-03 1.6E-02 3.3E-01 1.7E-03 
T13 7.2E-02 7.1E-02 1.2E-02 2.7E-02 5.4E-03 1.6E-02 3.3E-01 2.2E-03 
T13 6.8E-02 6.7E-02 1.2E-02 2.6E-02 5.1E-03 1.5E-02 3.3E-01 2.0E-03 
T13 6.0E-02 5.8E-02 9.3E-03 2.7E-02 4.4E-03 1.5E-02 3.5E-01 2.1E-03 
T13 3.7E-03 6.6E-03 2.6E-03 3.8E-03 1.5E-03 2.9E-03 4.7E-01 1.3E-04 
T13 6.8E-02 6.3E-02 1.1E-02 2.8E-02 5.0E-03 1.6E-02 3.3E-01 1.8E-03 
T13 5.6E-02 4.9E-02 9.4E-03 2.8E-02 4.3E-03 1.5E-02 3.5E-01 1.9E-03 
T13 6.4E-02 6.2E-02 1.1E-02 2.7E-02 5.0E-03 1.6E-02 3.4E-01 1.5E-03 
T13 6.7E-02 6.4E-02 1.0E-02 2.6E-02 5.1E-03 1.6E-02 3.5E-01 1.8E-03 
T13 7.6E-02 6.8E-02 1.1E-02 2.7E-02 5.3E-03 1.6E-02 3.3E-01 2.1E-03 
T13 7.1E-02 7.0E-02 1.1E-02 2.9E-02 5.5E-03 1.6E-02 3.4E-01 2.1E-03 
T13 8.0E-02 7.0E-02 1.1E-02 3.1E-02 5.4E-03 1.7E-02 3.2E-01 2.0E-03 
T13 5.0E-02 4.5E-02 8.4E-03 3.2E-02 3.7E-03 1.3E-02 3.6E-01 1.1E-03 
T13 6.5E-02 5.0E-02 8.1E-03 3.3E-02 4.0E-03 1.6E-02 3.5E-01 1.3E-03 
T13 7.0E-02 6.7E-02 1.0E-02 2.7E-02 5.1E-03 1.6E-02 3.4E-01 1.8E-03 
T13 7.7E-02 7.6E-02 1.2E-02 2.7E-02 5.8E-03 1.6E-02 3.2E-01 2.0E-03 
T13 5.2E-02 3.8E-02 6.9E-03 2.6E-02 5.9E-03 1.9E-02 3.5E-01 1.0E-03 
T13 7.4E-02 4.7E-02 7.5E-03 3.5E-02 4.0E-03 1.7E-02 3.4E-01 1.5E-03 
T13 7.0E-02 4.0E-02 6.5E-03 3.5E-02 3.5E-03 1.7E-02 3.5E-01 1.1E-03 
 
 
264 
ID Al Ca Fe K Mg Na Si Ti 
T13 6.9E-02 4.9E-02 9.2E-03 3.2E-02 4.4E-03 1.7E-02 3.4E-01 1.5E-03 
T13 1.2E-02 1.4E-02 3.8E-03 1.0E-02 2.1E-03 4.5E-03 4.5E-01 3.0E-04 
T13 4.4E-02 4.0E-02 7.1E-03 2.7E-02 3.4E-03 1.2E-02 3.8E-01 1.8E-03 
T13 7.4E-02 7.4E-02 1.2E-02 2.8E-02 5.7E-03 1.6E-02 3.3E-01 2.2E-03 
T13 7.2E-02 6.9E-02 1.1E-02 2.9E-02 5.2E-03 1.6E-02 3.4E-01 2.0E-03 
T13 3.2E-03 1.2E-03 6.3E-04 2.4E-03 1.0E-03 1.7E-03 4.7E-01 5.2E-06 
T13 7.8E-02 5.9E-02 9.9E-03 3.0E-02 4.8E-03 1.8E-02 3.3E-01 1.7E-03 
T13 7.0E-02 6.1E-02 9.3E-03 2.8E-02 4.6E-03 1.5E-02 3.4E-01 2.1E-03 
T13 7.3E-02 6.5E-02 1.1E-02 2.7E-02 5.4E-03 1.6E-02 3.4E-01 1.7E-03 
T13 7.7E-02 6.9E-02 1.0E-02 2.9E-02 5.0E-03 1.6E-02 3.3E-01 1.9E-03 
T13 7.5E-02 7.6E-02 1.2E-02 2.6E-02 5.5E-03 1.6E-02 3.2E-01 2.1E-03 
T13 7.7E-02 8.2E-02 1.3E-02 2.6E-02 5.9E-03 1.6E-02 3.2E-01 2.1E-03 
T13 7.8E-02 6.8E-02 1.1E-02 2.8E-02 5.4E-03 1.7E-02 3.3E-01 1.8E-03 
T13 7.1E-02 6.7E-02 1.1E-02 2.6E-02 5.5E-03 1.6E-02 3.4E-01 2.0E-03 
T13 5.6E-02 5.2E-02 9.6E-03 3.0E-02 4.3E-03 1.4E-02 3.6E-01 1.4E-03 
T13 7.4E-02 7.5E-02 1.2E-02 2.9E-02 5.5E-03 1.6E-02 3.3E-01 2.0E-03 
T13 7.5E-02 7.5E-02 1.1E-02 2.9E-02 5.1E-03 1.6E-02 3.2E-01 2.1E-03 
T13 7.3E-02 6.5E-02 1.1E-02 2.9E-02 5.2E-03 1.6E-02 3.4E-01 1.9E-03 
T13 7.8E-02 7.5E-02 1.1E-02 2.8E-02 5.6E-03 1.6E-02 3.3E-01 2.1E-03 
T13 6.7E-02 6.4E-02 1.1E-02 2.7E-02 4.9E-03 1.5E-02 3.3E-01 1.8E-03 
T13 7.1E-02 6.9E-02 1.1E-02 2.7E-02 5.0E-03 1.6E-02 3.2E-01 2.2E-03 
T13 6.4E-02 8.9E-02 1.2E-02 2.5E-02 5.2E-03 1.4E-02 3.1E-01 2.2E-03 
T13 1.7E-02 2.1E-02 4.5E-03 1.3E-02 2.3E-03 7.0E-03 4.2E-01 4.7E-04 
T13 2.6E-02 2.7E-02 5.7E-03 2.0E-02 3.1E-03 8.3E-03 4.2E-01 4.7E-04 
T13 2.0E-02 2.2E-02 5.5E-03 1.5E-02 2.9E-03 6.4E-03 4.3E-01 6.2E-04 
T13 7.5E-02 6.9E-02 1.2E-02 2.9E-02 5.1E-03 1.6E-02 3.2E-01 2.2E-03 
T13 6.6E-02 6.7E-02 1.1E-02 2.8E-02 4.8E-03 1.5E-02 3.3E-01 1.7E-03 
T13 5.8E-02 7.0E-02 1.0E-02 2.5E-02 4.6E-03 1.4E-02 3.4E-01 1.4E-03 
T13 6.6E-02 6.5E-02 9.5E-03 2.8E-02 4.5E-03 1.4E-02 3.3E-01 1.7E-03 
T13 6.2E-03 1.1E-02 3.9E-03 8.1E-03 1.3E-03 4.3E-03 4.5E-01 6.0E-04 
T13 5.9E-02 5.7E-02 8.7E-03 2.8E-02 4.0E-03 1.4E-02 3.4E-01 1.5E-03 
T13 2.3E-02 2.2E-02 5.2E-03 1.8E-02 2.3E-03 7.3E-03 4.2E-01 6.0E-04 
T13 6.0E-02 6.7E-02 3.6E-02 2.9E-02 7.5E-03 1.6E-02 3.3E-01 2.1E-03 
T13 6.3E-02 1.0E-01 2.9E-02 2.3E-02 5.8E-03 1.3E-02 3.1E-01 2.1E-03 
T13 1.2E-02 1.5E-02 4.7E-03 1.1E-02 2.2E-03 5.3E-03 4.3E-01 2.0E-04 
T13 6.4E-02 5.7E-02 1.9E-02 2.9E-02 6.4E-03 1.4E-02 3.4E-01 1.7E-03 
T13 5.9E-02 5.7E-02 1.0E-02 2.9E-02 4.4E-03 1.5E-02 3.4E-01 1.9E-03 
T13 7.0E-02 6.3E-02 1.8E-02 2.7E-02 7.1E-03 1.4E-02 3.3E-01 2.1E-03 
T13 7.8E-02 7.5E-02 2.8E-02 2.6E-02 8.0E-03 1.4E-02 3.1E-01 2.4E-03 
 
 
265 
ID Al Ca Fe K Mg Na Si Ti 
T13 1.7E-02 1.6E-02 3.8E-03 1.7E-02 2.0E-03 6.8E-03 4.3E-01 6.0E-04 
T13 5.3E-02 6.0E-02 3.0E-02 3.0E-02 6.6E-03 1.4E-02 3.4E-01 2.5E-03 
T13 7.0E-02 7.0E-02 1.2E-02 2.9E-02 5.7E-03 1.4E-02 3.3E-01 1.6E-03 
T13 7.2E-02 7.9E-02 2.1E-02 2.5E-02 7.2E-03 1.3E-02 3.1E-01 2.4E-03 
T13 7.9E-02 2.6E-02 1.3E-02 5.7E-02 2.4E-04 2.2E-02 3.1E-01 9.5E-04 
T13 2.7E-02 2.9E-02 9.6E-03 2.1E-02 7.2E-04 9.0E-03 4.0E-01 9.5E-04 
T13 5.9E-02 5.9E-02 2.1E-02 3.0E-02 5.2E-03 1.3E-02 3.4E-01 2.3E-03 
T13 1.4E-01 1.5E-01 3.7E-02 1.1E-02 1.0E-02 9.0E-03 1.9E-01 6.2E-03 
T13 6.7E-02 5.5E-02 8.3E-03 2.9E-02 4.0E-03 1.5E-02 3.3E-01 1.2E-03 
T13 9.1E-02 6.5E-02 1.6E-02 3.5E-02 6.3E-03 2.1E-02 2.9E-01 9.1E-04 
T14 4.3E-02 1.2E-01 2.3E-02 3.3E-02 3.9E-04 1.1E-02 2.8E-01 1.8E-03 
T14 6.5E-02 1.0E-01 2.1E-02 2.3E-02 5.6E-03 1.4E-02 2.9E-01 2.6E-03 
T14 6.5E-02 9.5E-02 2.1E-02 2.3E-02 6.3E-03 1.5E-02 3.0E-01 2.3E-03 
T14 6.4E-02 8.7E-02 1.9E-02 2.5E-02 5.5E-03 1.5E-02 3.0E-01 2.4E-03 
T14 2.5E-02 3.0E-02 1.6E-02 2.0E-02 3.1E-03 8.4E-03 3.8E-01 4.2E-04 
T14 4.8E-02 9.5E-02 4.9E-02 2.9E-02 5.7E-03 1.6E-02 2.8E-01 1.9E-03 
T14 3.5E-03 2.1E-03 2.1E-03 4.8E-03 9.8E-04 2.8E-03 4.6E-01 0.0E+00 
T14 5.6E-02 8.4E-02 2.0E-02 2.6E-02 6.1E-03 1.5E-02 3.3E-01 1.9E-03 
T14 6.7E-02 9.9E-02 2.5E-02 2.3E-02 7.1E-03 1.5E-02 3.1E-01 2.4E-03 
T14 6.7E-02 9.6E-02 2.4E-02 2.3E-02 6.4E-03 1.5E-02 3.1E-01 2.5E-03 
T14 7.1E-02 1.1E-01 2.4E-02 2.1E-02 6.7E-03 1.5E-02 3.0E-01 3.0E-03 
T14 5.1E-02 8.5E-02 2.7E-02 2.4E-02 7.9E-03 2.0E-02 3.1E-01 1.7E-03 
T14 6.1E-02 9.3E-02 2.6E-02 2.3E-02 6.3E-03 1.5E-02 3.2E-01 2.1E-03 
T14 7.3E-02 1.1E-01 2.3E-02 2.2E-02 6.7E-03 1.5E-02 3.1E-01 2.6E-03 
T14 6.6E-02 8.9E-02 2.5E-02 2.4E-02 6.4E-03 1.6E-02 3.2E-01 2.7E-03 
T14 6.7E-02 9.8E-02 2.4E-02 2.3E-02 6.5E-03 1.5E-02 3.1E-01 2.4E-03 
T14 7.2E-02 1.0E-01 2.4E-02 2.2E-02 6.8E-03 1.6E-02 3.1E-01 2.3E-03 
T14 6.6E-02 9.3E-02 2.6E-02 2.2E-02 6.3E-03 1.6E-02 3.1E-01 2.2E-03 
T14 9.2E-02 1.4E-01 2.4E-02 1.5E-02 8.3E-03 1.3E-02 2.7E-01 3.3E-03 
T14 6.9E-02 9.9E-02 2.3E-02 2.2E-02 6.6E-03 1.5E-02 3.1E-01 2.3E-03 
T14 6.7E-02 9.7E-02 2.4E-02 2.2E-02 6.7E-03 1.6E-02 3.2E-01 2.0E-03 
T14 4.6E-02 4.7E-02 3.9E-02 3.7E-02 9.9E-03 1.8E-02 3.3E-01 2.3E-03 
T14 1.9E-01 8.4E-02 3.0E-02 1.8E-02 1.0E-02 1.6E-02 2.1E-01 4.3E-03 
T14 5.5E-02 9.6E-02 3.6E-02 2.9E-02 8.5E-03 1.5E-02 3.2E-01 2.0E-03 
T14 6.3E-02 1.1E-01 2.6E-02 2.5E-02 7.5E-03 1.6E-02 3.1E-01 3.2E-03 
T14 4.6E-03 1.8E-03 8.5E-04 1.8E-03 7.3E-04 1.8E-03 4.5E-01 5.0E-05 
T14 6.2E-02 9.6E-02 2.4E-02 2.6E-02 6.8E-03 1.5E-02 3.2E-01 2.0E-03 
T14 6.6E-02 9.6E-02 2.4E-02 2.6E-02 6.7E-03 1.6E-02 3.2E-01 2.4E-03 
T14 6.7E-02 9.6E-02 2.3E-02 2.7E-02 6.8E-03 1.6E-02 3.3E-01 2.4E-03 
 
 
266 
ID Al Ca Fe K Mg Na Si Ti 
T14 6.7E-02 9.1E-02 2.3E-02 2.5E-02 6.5E-03 1.5E-02 3.3E-01 2.2E-03 
T14 9.5E-02 1.8E-01 2.7E-02 9.4E-03 1.0E-02 9.7E-03 2.5E-01 2.8E-03 
T14 7.0E-02 9.5E-02 2.4E-02 2.4E-02 6.9E-03 1.5E-02 3.2E-01 2.4E-03 
T14 7.1E-02 9.6E-02 2.3E-02 2.4E-02 7.0E-03 1.6E-02 3.2E-01 2.4E-03 
T14 6.8E-02 8.2E-02 2.1E-02 2.6E-02 6.6E-03 1.6E-02 3.3E-01 2.0E-03 
T14 3.0E-03 1.8E-04 1.2E-04 2.7E-03 9.6E-04 2.0E-03 4.9E-01 1.7E-04 
T14 6.6E-02 9.1E-02 2.3E-02 2.4E-02 6.8E-03 1.5E-02 3.3E-01 2.4E-03 
T14 5.7E-02 9.7E-02 2.8E-02 1.8E-02 6.6E-03 1.2E-02 3.1E-01 2.3E-03 
T14 5.6E-02 7.0E-02 1.9E-02 2.8E-02 5.9E-03 1.6E-02 3.4E-01 2.3E-03 
T14 7.1E-02 7.5E-02 2.0E-02 2.6E-02 6.7E-03 1.8E-02 3.3E-01 1.8E-03 
T14 7.0E-02 9.7E-02 2.6E-02 2.5E-02 6.8E-03 1.7E-02 3.1E-01 2.5E-03 
T14 7.0E-02 9.5E-02 2.4E-02 2.3E-02 6.8E-03 1.7E-02 3.2E-01 2.4E-03 
T14 6.1E-02 5.1E-02 1.3E-02 3.0E-02 4.6E-03 1.8E-02 3.6E-01 1.8E-03 
T14 7.4E-02 7.2E-02 1.9E-02 2.8E-02 6.2E-03 1.9E-02 3.3E-01 2.1E-03 
T14 4.5E-02 4.9E-02 1.5E-02 2.8E-02 4.5E-03 1.5E-02 3.8E-01 1.1E-03 
T14 7.4E-02 7.0E-02 2.0E-02 2.7E-02 5.5E-03 1.9E-02 3.3E-01 2.2E-03 
T14 4.3E-02 1.9E-02 1.3E-02 2.9E-02 3.5E-03 1.6E-02 4.0E-01 1.5E-03 
T14 5.7E-02 4.0E-02 1.1E-02 3.0E-02 3.7E-03 1.8E-02 3.7E-01 1.0E-03 
T14 2.6E-04 1.6E-04 1.5E-04 2.0E-03 0.0E+00 1.1E-03 4.5E-01 1.4E-04 
T14 4.0E-02 2.4E-02 8.0E-03 2.7E-02 2.7E-03 1.4E-02 4.1E-01 9.3E-04 
T14 6.5E-02 8.6E-02 2.2E-02 2.4E-02 5.8E-03 1.7E-02 3.3E-01 2.0E-03 
T14 2.3E-02 3.8E-02 1.3E-02 1.8E-02 6.5E-03 1.8E-02 3.8E-01 1.4E-03 
T14 5.6E-02 7.5E-02 2.1E-02 2.5E-02 5.8E-03 1.7E-02 3.4E-01 1.8E-03 
T14 3.1E-02 3.2E-02 8.9E-03 2.3E-02 2.9E-03 1.1E-02 4.1E-01 8.9E-04 
T14 4.0E-02 4.4E-02 1.4E-02 2.4E-02 3.6E-03 1.3E-02 3.9E-01 1.8E-03 
T14 6.6E-02 9.7E-02 2.2E-02 2.3E-02 6.4E-03 1.5E-02 3.0E-01 2.7E-03 
T14 6.0E-02 8.3E-02 1.9E-02 2.7E-02 5.4E-03 1.6E-02 3.1E-01 2.1E-03 
T14 4.2E-02 5.5E-02 1.3E-02 2.6E-02 3.9E-03 1.4E-02 3.5E-01 1.6E-03 
T14 2.7E-02 2.9E-02 7.1E-03 2.3E-02 2.4E-03 1.1E-02 3.7E-01 4.3E-04 
T14 6.0E-02 1.1E-01 2.2E-02 2.1E-02 6.1E-03 1.2E-02 3.0E-01 2.8E-03 
T14 6.8E-02 1.4E-01 1.9E-02 1.5E-02 8.4E-03 1.2E-02 2.7E-01 2.6E-03 
T14 5.5E-02 6.7E-02 1.4E-02 2.7E-02 5.0E-03 1.6E-02 3.2E-01 1.6E-03 
T14 6.2E-02 7.2E-02 1.6E-02 2.7E-02 5.4E-03 1.7E-02 3.1E-01 1.8E-03 
T14 5.5E-02 6.0E-02 1.2E-02 2.8E-02 4.8E-03 1.7E-02 3.4E-01 1.7E-03 
T14 5.1E-02 6.1E-02 1.2E-02 2.8E-02 4.7E-03 1.5E-02 3.2E-01 1.1E-03 
T14 5.4E-02 8.2E-02 1.5E-02 2.6E-02 5.8E-03 1.4E-02 3.1E-01 1.2E-03 
T14 8.5E-02 6.3E-02 1.8E-02 1.6E-02 5.6E-03 1.3E-02 3.0E-01 1.9E-03 
T14 5.9E-02 1.3E-01 3.4E-02 1.5E-02 7.3E-03 1.1E-02 2.8E-01 2.5E-03 
T14 6.3E-02 8.2E-02 2.0E-02 2.5E-02 5.9E-03 1.6E-02 3.1E-01 2.0E-03 
 
 
267 
ID Al Ca Fe K Mg Na Si Ti 
T14 3.3E-03 5.6E-03 2.9E-03 7.5E-03 6.3E-04 5.6E-03 4.3E-01 5.6E-04 
T14 6.1E-02 8.2E-02 1.7E-02 2.5E-02 5.3E-03 1.6E-02 3.1E-01 2.1E-03 
T14 6.2E-02 9.4E-02 1.9E-02 2.3E-02 5.6E-03 1.5E-02 3.0E-01 2.2E-03 
T14 8.0E-02 7.3E-02 1.8E-02 1.8E-02 5.8E-03 1.6E-02 3.1E-01 1.7E-03 
T14 6.5E-02 9.6E-02 1.9E-02 2.4E-02 5.4E-03 1.5E-02 3.0E-01 2.0E-03 
T14 6.6E-02 9.1E-02 2.3E-02 2.4E-02 6.0E-03 1.5E-02 2.9E-01 2.5E-03 
T14 6.3E-02 9.9E-02 2.2E-02 2.1E-02 1.2E-04 1.5E-02 2.9E-01 2.7E-03 
T14 6.3E-02 9.3E-02 2.4E-02 2.2E-02 5.9E-03 1.5E-02 3.0E-01 2.2E-03 
T14 6.2E-02 9.0E-02 2.1E-02 2.6E-02 5.9E-03 1.4E-02 3.0E-01 2.3E-03 
T14 9.3E-02 5.6E-02 1.5E-02 3.5E-02 4.6E-03 1.7E-02 2.9E-01 1.7E-03 
T14 5.5E-02 1.2E-01 2.0E-02 2.3E-02 5.9E-03 1.3E-02 2.9E-01 2.7E-03 
T14 6.2E-02 8.9E-02 2.1E-02 2.5E-02 5.9E-03 1.5E-02 3.1E-01 2.1E-03 
T14 5.9E-02 9.8E-02 2.2E-02 2.5E-02 1.4E-04 1.5E-02 2.9E-01 2.5E-03 
T14 6.4E-02 8.6E-02 2.2E-02 2.8E-02 5.6E-03 1.6E-02 3.0E-01 2.3E-03 
T14 1.0E-01 1.7E-01 1.7E-02 2.5E-03 8.8E-03 6.6E-03 2.3E-01 3.1E-03 
T14 5.5E-02 8.4E-02 3.7E-02 2.0E-02 6.5E-03 1.5E-02 3.1E-01 3.4E-03 
T14 6.5E-02 9.3E-02 2.5E-02 2.1E-02 6.5E-03 1.5E-02 3.0E-01 2.5E-03 
T14 6.7E-02 1.2E-01 2.7E-02 2.0E-02 8.4E-03 1.1E-02 2.7E-01 2.4E-03 
T14 1.1E-01 1.8E-01 1.9E-02 1.4E-03 9.7E-03 4.1E-03 2.1E-01 3.8E-03 
T14 3.3E-02 5.0E-02 2.4E-02 2.3E-02 4.5E-03 1.1E-02 3.5E-01 2.4E-03 
T14 6.6E-02 9.1E-02 2.2E-02 2.5E-02 6.1E-03 1.4E-02 3.0E-01 2.1E-03 
T14 1.1E-01 1.7E-01 1.9E-02 3.2E-03 9.7E-03 4.4E-03 2.2E-01 3.7E-03 
T14 7.9E-02 1.4E-01 1.9E-02 1.2E-02 7.7E-03 6.6E-03 2.6E-01 3.5E-03 
T14 1.0E-01 1.8E-01 1.8E-02 2.0E-03 9.0E-03 4.4E-03 2.1E-01 3.8E-03 
T14 1.1E-01 1.8E-01 1.9E-02 2.1E-03 9.5E-03 5.4E-03 2.1E-01 3.0E-03 
T14 6.0E-02 5.7E-02 1.9E-02 3.5E-02 5.7E-03 1.4E-02 3.3E-01 3.3E-03 
T14 8.8E-02 1.9E-01 2.6E-02 8.4E-03 9.7E-03 6.3E-03 2.4E-01 3.4E-03 
T14 8.5E-02 1.9E-01 2.3E-02 5.9E-03 9.3E-03 5.8E-03 2.4E-01 2.7E-03 
T14 6.5E-02 9.5E-02 2.7E-02 2.3E-02 6.5E-03 1.6E-02 3.1E-01 2.7E-03 
T14 6.3E-02 1.0E-01 2.6E-02 2.8E-02 7.3E-03 1.5E-02 3.0E-01 2.9E-03 
T14 6.5E-02 9.1E-02 2.6E-02 2.3E-02 6.5E-03 1.6E-02 3.3E-01 2.4E-03 
T14 6.7E-02 9.7E-02 2.6E-02 2.2E-02 6.7E-03 1.6E-02 3.1E-01 2.6E-03 
T14 3.0E-03 8.6E-03 3.8E-03 4.8E-03 1.2E-03 3.9E-03 4.6E-01 2.1E-04 
T14 6.9E-02 9.0E-02 2.4E-02 2.3E-02 6.6E-03 1.6E-02 3.2E-01 2.9E-03 
T14 7.2E-02 8.8E-02 2.3E-02 2.5E-02 6.6E-03 1.8E-02 3.1E-01 2.2E-03 
T14 5.0E-02 7.7E-02 2.6E-02 2.2E-02 5.4E-03 1.5E-02 3.4E-01 2.0E-03 
T14 6.3E-02 1.5E-01 3.4E-02 1.7E-02 1.1E-02 1.2E-02 2.6E-01 6.5E-03 
T15 5.7E-02 1.0E-01 1.9E-02 2.5E-02 5.6E-03 1.3E-02 2.9E-01 2.1E-03 
T15 5.5E-02 9.9E-02 2.1E-02 2.5E-02 5.4E-03 1.3E-02 3.0E-01 2.0E-03 
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ID Al Ca Fe K Mg Na Si Ti 
T15 5.7E-02 9.9E-02 2.0E-02 2.3E-02 6.2E-03 1.3E-02 3.0E-01 2.4E-03 
T15 5.8E-02 1.0E-01 1.9E-02 2.5E-02 6.2E-03 1.4E-02 3.0E-01 1.6E-03 
T15 5.8E-02 1.0E-01 2.0E-02 2.5E-02 5.7E-03 1.3E-02 3.0E-01 2.7E-03 
T15 5.8E-02 9.4E-02 1.9E-02 2.9E-02 5.6E-03 1.3E-02 3.0E-01 2.1E-03 
T15 5.7E-02 9.6E-02 2.2E-02 2.8E-02 5.9E-03 1.3E-02 3.1E-01 1.9E-03 
T15 6.0E-02 9.9E-02 2.1E-02 2.5E-02 6.2E-03 1.3E-02 3.2E-01 1.9E-03 
T15 6.0E-02 1.1E-01 2.1E-02 2.4E-02 6.3E-03 1.2E-02 3.1E-01 2.3E-03 
T15 6.1E-02 1.0E-01 2.0E-02 2.4E-02 6.2E-03 1.3E-02 3.1E-01 2.0E-03 
T15 6.0E-02 9.9E-02 2.2E-02 2.7E-02 6.1E-03 1.4E-02 3.2E-01 1.8E-03 
T15 6.0E-02 9.5E-02 2.2E-02 2.6E-02 6.3E-03 1.3E-02 3.2E-01 2.0E-03 
T15 6.0E-02 1.0E-01 2.1E-02 2.4E-02 6.3E-03 1.3E-02 3.1E-01 2.2E-03 
T15 6.1E-02 1.0E-01 2.0E-02 2.5E-02 6.2E-03 1.3E-02 3.1E-01 1.8E-03 
T15 5.4E-02 9.6E-02 2.2E-02 2.6E-02 6.1E-03 1.3E-02 3.2E-01 1.7E-03 
T15 6.0E-02 1.0E-01 2.2E-02 2.5E-02 6.6E-03 1.3E-02 3.2E-01 2.0E-03 
T15 6.1E-02 1.0E-01 2.0E-02 2.4E-02 6.3E-03 1.3E-02 3.1E-01 2.3E-03 
T15 5.9E-02 1.0E-01 2.2E-02 2.6E-02 6.2E-03 1.4E-02 3.1E-01 2.5E-03 
T15 6.0E-02 1.0E-01 1.9E-02 2.6E-02 6.1E-03 1.3E-02 3.1E-01 1.9E-03 
T15 6.0E-02 1.0E-01 2.0E-02 2.5E-02 6.0E-03 1.3E-02 3.1E-01 1.8E-03 
T15 6.1E-02 1.0E-01 2.0E-02 2.5E-02 6.1E-03 1.3E-02 3.1E-01 2.1E-03 
T15 6.6E-02 1.3E-01 2.6E-02 2.1E-02 7.4E-03 1.2E-02 2.9E-01 3.0E-03 
T15 6.0E-02 1.0E-01 2.1E-02 2.4E-02 6.0E-03 1.2E-02 3.1E-01 1.9E-03 
T15 3.7E-02 1.1E-01 7.2E-02 1.6E-02 4.8E-02 1.2E-02 2.8E-01 2.0E-03 
T15 6.4E-02 1.0E-01 2.0E-02 2.6E-02 6.2E-03 1.4E-02 3.1E-01 2.0E-03 
T15 6.3E-02 1.0E-01 2.0E-02 2.4E-02 6.2E-03 1.3E-02 3.2E-01 1.8E-03 
T15 5.6E-02 9.3E-02 2.0E-02 2.7E-02 5.8E-03 1.4E-02 3.2E-01 1.8E-03 
T15 6.1E-02 1.0E-01 2.1E-02 2.4E-02 6.0E-03 1.3E-02 3.2E-01 2.1E-03 
T15 6.2E-02 9.8E-02 1.9E-02 2.8E-02 6.3E-03 1.5E-02 3.2E-01 1.8E-03 
T15 6.3E-02 9.8E-02 2.0E-02 2.6E-02 6.5E-03 1.5E-02 3.2E-01 1.9E-03 
T15 6.3E-02 9.8E-02 1.9E-02 2.6E-02 6.6E-03 1.5E-02 3.2E-01 1.8E-03 
T15 6.1E-02 1.0E-01 2.0E-02 2.6E-02 6.3E-03 1.5E-02 3.2E-01 1.8E-03 
T15 6.2E-02 1.0E-01 2.0E-02 2.6E-02 6.9E-03 1.4E-02 3.2E-01 2.0E-03 
T15 6.1E-02 1.0E-01 2.1E-02 2.8E-02 6.8E-03 1.5E-02 3.2E-01 2.0E-03 
T15 6.4E-02 1.0E-01 2.0E-02 2.5E-02 6.7E-03 1.4E-02 3.2E-01 1.9E-03 
T15 6.2E-02 1.0E-01 2.0E-02 2.5E-02 6.5E-03 1.3E-02 3.2E-01 1.9E-03 
T15 6.5E-02 1.1E-01 2.0E-02 2.4E-02 7.0E-03 1.4E-02 3.2E-01 1.9E-03 
T15 6.2E-02 1.0E-01 2.0E-02 2.5E-02 6.5E-03 1.3E-02 3.2E-01 2.1E-03 
T15 6.3E-02 1.1E-01 2.1E-02 2.5E-02 7.0E-03 1.3E-02 3.2E-01 2.1E-03 
T15 6.5E-02 1.1E-01 2.3E-02 2.3E-02 7.8E-03 1.3E-02 3.1E-01 2.7E-03 
T15 5.6E-02 9.0E-02 2.1E-02 2.6E-02 6.4E-03 1.3E-02 3.4E-01 1.8E-03 
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ID Al Ca Fe K Mg Na Si Ti 
T15 6.2E-02 1.1E-01 2.1E-02 2.5E-02 6.4E-03 1.3E-02 3.2E-01 1.8E-03 
T15 6.2E-02 1.0E-01 2.0E-02 2.6E-02 6.5E-03 1.3E-02 3.3E-01 2.0E-03 
T15 6.0E-02 1.0E-01 2.0E-02 2.5E-02 6.2E-03 1.3E-02 3.2E-01 1.7E-03 
T15 6.1E-02 1.2E-01 2.3E-02 2.3E-02 7.2E-03 1.3E-02 3.2E-01 2.0E-03 
T15 6.3E-02 1.0E-01 2.1E-02 2.6E-02 6.9E-03 1.3E-02 3.3E-01 2.7E-03 
T15 6.5E-02 1.0E-01 2.1E-02 2.5E-02 6.8E-03 1.3E-02 3.2E-01 2.0E-03 
T15 6.3E-02 9.9E-02 2.0E-02 2.4E-02 6.7E-03 1.3E-02 3.2E-01 1.6E-03 
T15 6.1E-02 1.0E-01 2.0E-02 2.5E-02 6.1E-03 1.3E-02 3.2E-01 2.0E-03 
T15 6.0E-02 9.9E-02 2.0E-02 2.5E-02 6.3E-03 1.3E-02 3.2E-01 1.8E-03 
T15 6.0E-02 9.8E-02 2.1E-02 2.6E-02 6.4E-03 1.3E-02 3.3E-01 1.8E-03 
T15 6.3E-02 1.0E-01 2.1E-02 2.5E-02 6.4E-03 1.3E-02 3.2E-01 2.0E-03 
T15 5.6E-02 8.8E-02 2.0E-02 2.7E-02 6.4E-03 1.3E-02 3.4E-01 1.9E-03 
T15 6.3E-02 1.0E-01 2.1E-02 2.5E-02 6.8E-03 1.3E-02 3.3E-01 1.9E-03 
T15 6.3E-02 1.0E-01 2.1E-02 2.6E-02 6.7E-03 1.3E-02 3.2E-01 2.0E-03 
T15 6.5E-02 1.0E-01 2.0E-02 2.4E-02 6.6E-03 1.3E-02 3.2E-01 1.9E-03 
T15 6.2E-02 1.0E-01 2.0E-02 2.5E-02 6.6E-03 1.3E-02 3.2E-01 2.0E-03 
T15 6.0E-02 1.0E-01 2.0E-02 2.5E-02 6.5E-03 1.3E-02 3.3E-01 1.6E-03 
T15 6.3E-02 1.0E-01 2.0E-02 2.5E-02 6.3E-03 1.3E-02 3.2E-01 2.0E-03 
T15 6.2E-02 1.0E-01 2.1E-02 2.6E-02 6.6E-03 1.3E-02 3.2E-01 2.2E-03 
T15 6.3E-02 1.0E-01 2.0E-02 2.6E-02 6.6E-03 1.3E-02 3.2E-01 1.8E-03 
T15 6.3E-02 1.0E-01 1.8E-02 2.6E-02 6.1E-03 1.3E-02 3.2E-01 1.7E-03 
T15 6.3E-02 1.0E-01 1.8E-02 2.6E-02 6.5E-03 1.3E-02 3.2E-01 1.8E-03 
T15 6.3E-02 1.0E-01 2.0E-02 2.4E-02 6.1E-03 1.3E-02 3.2E-01 2.0E-03 
T15 6.2E-02 1.0E-01 2.0E-02 2.4E-02 6.3E-03 1.3E-02 3.2E-01 1.6E-03 
T15 6.4E-02 1.0E-01 2.0E-02 2.5E-02 6.5E-03 1.3E-02 3.2E-01 2.0E-03 
T15 6.6E-02 1.0E-01 2.1E-02 2.5E-02 6.8E-03 1.4E-02 3.3E-01 1.9E-03 
T15 6.2E-02 1.0E-01 2.0E-02 2.5E-02 6.5E-03 1.3E-02 3.2E-01 1.9E-03 
T15 6.7E-02 1.1E-01 1.9E-02 2.4E-02 6.8E-03 1.3E-02 3.2E-01 1.7E-03 
T15 6.5E-02 1.1E-01 2.1E-02 2.4E-02 6.9E-03 1.3E-02 3.2E-01 2.2E-03 
T15 6.2E-02 1.0E-01 2.0E-02 2.6E-02 6.3E-03 1.3E-02 3.3E-01 1.9E-03 
T15 6.4E-02 1.0E-01 2.0E-02 2.4E-02 6.7E-03 1.3E-02 3.2E-01 1.9E-03 
T15 6.3E-02 1.1E-01 2.1E-02 2.4E-02 6.6E-03 1.3E-02 3.2E-01 1.8E-03 
T15 7.1E-02 1.1E-01 2.1E-02 2.4E-02 6.5E-03 1.3E-02 3.1E-01 2.2E-03 
T15 6.3E-02 1.0E-01 2.0E-02 2.5E-02 6.6E-03 1.3E-02 3.2E-01 2.0E-03 
T15 6.5E-02 1.0E-01 2.0E-02 2.5E-02 6.8E-03 1.4E-02 3.2E-01 1.9E-03 
T15 6.2E-02 1.0E-01 2.1E-02 2.5E-02 6.3E-03 1.3E-02 3.2E-01 1.9E-03 
T15 6.5E-02 1.1E-01 2.1E-02 2.5E-02 6.5E-03 1.3E-02 3.2E-01 1.9E-03 
T15 6.1E-02 1.0E-01 2.1E-02 2.5E-02 6.5E-03 1.3E-02 3.2E-01 1.9E-03 
T15 6.0E-02 9.8E-02 2.1E-02 2.5E-02 6.4E-03 1.3E-02 3.3E-01 1.9E-03 
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ID Al Ca Fe K Mg Na Si Ti 
T15 6.4E-02 1.0E-01 2.0E-02 2.4E-02 6.5E-03 1.3E-02 3.2E-01 1.8E-03 
T15 6.1E-02 9.8E-02 2.2E-02 2.4E-02 6.4E-03 1.2E-02 3.2E-01 2.0E-03 
T15 6.3E-02 1.1E-01 2.8E-02 2.5E-02 7.1E-03 1.3E-02 3.1E-01 2.1E-03 
T15 2.6E-02 6.1E-03 1.2E-02 1.5E-02 1.0E-02 6.8E-03 4.4E-01 1.3E-04 
T15 6.3E-02 1.0E-01 2.1E-02 2.3E-02 7.3E-03 1.3E-02 3.2E-01 2.0E-03 
T15 6.2E-02 1.1E-01 2.2E-02 2.4E-02 6.8E-03 1.3E-02 3.2E-01 2.2E-03 
T15 6.1E-02 9.7E-02 2.1E-02 2.5E-02 6.4E-03 1.3E-02 3.3E-01 1.7E-03 
T15 6.8E-02 1.0E-01 1.8E-02 2.1E-02 6.5E-03 1.2E-02 3.2E-01 1.9E-03 
T15 6.0E-02 1.1E-01 2.0E-02 2.4E-02 6.2E-03 1.2E-02 3.1E-01 1.9E-03 
T15 6.0E-02 1.0E-01 2.0E-02 2.4E-02 5.8E-03 1.3E-02 3.1E-01 2.0E-03 
T15 6.1E-02 1.0E-01 2.0E-02 2.4E-02 6.5E-03 1.3E-02 3.1E-01 1.8E-03 
T15 3.8E-02 5.9E-02 1.4E-02 2.7E-02 4.2E-03 9.8E-03 3.6E-01 1.2E-03 
T15 6.0E-02 1.1E-01 2.0E-02 2.5E-02 5.9E-03 1.2E-02 3.0E-01 1.9E-03 
T15 6.0E-02 9.9E-02 2.0E-02 2.6E-02 5.8E-03 1.4E-02 3.2E-01 2.2E-03 
T15 5.2E-02 1.5E-01 2.7E-02 1.7E-02 8.1E-03 1.1E-02 2.9E-01 3.0E-03 
T15 5.8E-02 1.0E-01 2.0E-02 2.6E-02 5.8E-03 1.3E-02 3.1E-01 2.1E-03 
T15 6.0E-02 1.0E-01 1.9E-02 2.6E-02 6.1E-03 1.3E-02 3.1E-01 1.7E-03 
T15 5.9E-02 1.0E-01 2.0E-02 2.4E-02 6.0E-03 1.2E-02 3.1E-01 1.9E-03 
T15 6.5E-02 1.1E-01 1.7E-02 1.8E-02 6.0E-03 1.1E-02 3.1E-01 1.9E-03 
T15 5.8E-02 9.7E-02 2.1E-02 2.6E-02 6.0E-03 1.3E-02 3.2E-01 2.0E-03 
T15 6.1E-02 1.0E-01 2.0E-02 2.5E-02 6.4E-03 1.3E-02 3.2E-01 2.0E-03 
T15 1.6E-01 1.5E-01 4.9E-02 1.1E-02 5.8E-03 9.5E-03 1.9E-01 2.5E-03 
T15 6.0E-02 1.0E-01 2.0E-02 2.6E-02 6.1E-03 1.3E-02 3.1E-01 1.9E-03 
T15 5.9E-02 1.0E-01 2.2E-02 2.7E-02 6.1E-03 1.3E-02 3.1E-01 1.8E-03 
T15 6.0E-02 1.1E-01 2.1E-02 2.4E-02 6.3E-03 1.3E-02 3.1E-01 2.3E-03 
T15 6.4E-02 1.0E-01 1.7E-02 2.0E-02 5.7E-03 1.2E-02 3.1E-01 2.0E-03 
T15 5.0E-02 8.6E-02 3.1E-02 3.0E-02 3.3E-03 1.4E-02 3.3E-01 3.6E-03 
T15 1.0E-01 1.1E-01 3.7E-02 2.3E-02 4.8E-03 1.5E-02 2.6E-01 1.9E-03 
T15 6.1E-02 9.9E-02 2.5E-02 2.9E-02 6.1E-03 1.4E-02 3.2E-01 2.1E-03 
T15 5.0E-02 1.1E-01 2.7E-02 2.4E-02 6.2E-03 1.2E-02 3.1E-01 1.9E-03 
T15 6.1E-02 1.0E-01 2.0E-02 2.6E-02 5.9E-03 1.3E-02 3.1E-01 1.9E-03 
T15 5.4E-02 9.5E-02 2.1E-02 2.5E-02 3.3E-04 1.4E-02 3.0E-01 2.3E-03 
T15 5.4E-02 9.8E-02 2.1E-02 2.3E-02 1.9E-04 1.3E-02 3.0E-01 2.4E-03 
T15 5.2E-02 1.3E-01 2.0E-02 1.7E-02 5.2E-03 1.1E-02 2.9E-01 2.4E-03 
T15 5.7E-02 8.9E-02 2.9E-02 2.6E-02 5.8E-03 1.4E-02 3.0E-01 2.2E-03 
T15 6.0E-02 1.2E-01 2.2E-02 1.9E-02 7.1E-03 1.3E-02 3.0E-01 2.0E-03 
T15 5.5E-02 1.4E-01 2.3E-02 1.6E-02 7.1E-03 1.1E-02 2.7E-01 2.1E-03 
T15 5.3E-02 1.0E-01 3.8E-02 2.4E-02 5.8E-03 1.3E-02 2.9E-01 2.3E-03 
T15 3.8E-02 7.4E-02 5.9E-02 2.7E-02 5.4E-03 1.4E-02 3.2E-01 2.2E-03 
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ID Al Ca Fe K Mg Na Si Ti 
T15 6.0E-02 1.0E-01 1.9E-02 2.5E-02 6.2E-03 1.3E-02 3.2E-01 2.1E-03 
T15 6.1E-02 1.0E-01 2.1E-02 2.3E-02 6.0E-03 1.3E-02 3.1E-01 2.1E-03 
T15 6.2E-02 1.1E-01 2.1E-02 2.4E-02 6.6E-03 1.3E-02 3.1E-01 1.9E-03 
T15 6.1E-02 9.8E-02 2.0E-02 2.6E-02 6.1E-03 1.3E-02 3.1E-01 1.9E-03 
T15 5.9E-02 9.6E-02 2.0E-02 2.5E-02 6.3E-03 1.2E-02 3.2E-01 2.0E-03 
T15 6.3E-02 1.0E-01 1.8E-02 2.0E-02 6.2E-03 1.1E-02 3.1E-01 1.9E-03 
T15 7.0E-02 1.1E-01 1.8E-02 1.9E-02 6.8E-03 1.2E-02 3.0E-01 2.2E-03 
T15 3.9E-02 3.3E-02 1.3E-02 2.3E-02 3.8E-03 1.0E-02 3.9E-01 7.7E-04 
T15 6.4E-02 1.1E-01 1.8E-02 1.9E-02 6.3E-03 1.1E-02 3.2E-01 2.2E-03 
T15 6.4E-02 1.0E-01 1.6E-02 2.1E-02 5.7E-03 1.1E-02 3.1E-01 1.9E-03 
T15 6.1E-02 1.2E-01 2.3E-02 1.9E-02 7.8E-03 1.1E-02 3.0E-01 2.4E-03 
T15 5.7E-02 1.1E-01 2.1E-02 2.3E-02 6.3E-03 1.2E-02 3.2E-01 2.4E-03 
T15 5.3E-02 1.0E-01 3.0E-02 2.4E-02 7.0E-03 1.2E-02 3.1E-01 3.6E-03 
T15 7.8E-02 1.4E-01 2.1E-02 1.6E-02 8.2E-03 9.5E-03 2.8E-01 2.7E-03 
T15 6.2E-02 1.1E-01 2.0E-02 2.0E-02 7.1E-03 1.2E-02 3.1E-01 2.3E-03 
T15 6.4E-02 1.1E-01 2.1E-02 1.8E-02 6.7E-03 1.1E-02 3.1E-01 2.4E-03 
T15 6.4E-02 1.5E-01 2.0E-02 1.8E-02 9.2E-03 1.1E-02 2.9E-01 2.0E-03 
T15 6.3E-02 1.0E-01 1.9E-02 2.3E-02 6.4E-03 1.2E-02 3.2E-01 2.4E-03 
T15 6.2E-02 1.0E-01 3.2E-02 1.9E-02 7.3E-03 1.2E-02 3.0E-01 2.5E-03 
T15 6.3E-02 1.2E-01 2.6E-02 1.6E-02 7.4E-03 9.7E-03 3.1E-01 2.2E-03 
T15 7.2E-02 1.2E-01 2.7E-02 1.5E-02 7.3E-03 9.2E-03 2.9E-01 2.3E-03 
T15 4.2E-02 8.9E-02 5.0E-02 2.4E-02 2.9E-03 1.0E-02 3.0E-01 2.0E-03 
T16 7.9E-02 9.4E-02 3.4E-02 1.5E-02 6.4E-03 5.1E-03 2.9E-01 3.0E-03 
T16 9.7E-02 1.1E-01 2.7E-02 5.8E-03 7.6E-03 4.5E-03 2.7E-01 3.8E-03 
T16 8.8E-02 1.0E-01 3.1E-02 6.8E-03 6.6E-03 4.8E-03 2.7E-01 2.8E-03 
T16 9.6E-02 1.1E-01 3.0E-02 4.2E-03 7.4E-03 4.1E-03 2.7E-01 2.8E-03 
T16 9.8E-02 1.1E-01 2.6E-02 2.3E-03 7.4E-03 3.7E-03 2.7E-01 3.8E-03 
T16 1.2E-01 6.5E-02 5.4E-03 1.2E-02 2.6E-03 2.4E-02 2.8E-01 2.7E-04 
T16 9.7E-02 1.0E-01 2.7E-02 5.4E-03 7.5E-03 5.4E-03 2.8E-01 2.8E-03 
T16 9.3E-02 1.0E-01 2.7E-02 4.4E-03 7.1E-03 4.0E-03 2.7E-01 3.2E-03 
T16 9.5E-02 1.1E-01 2.9E-02 3.5E-03 7.3E-03 4.5E-03 2.7E-01 4.0E-03 
T16 9.5E-02 1.1E-01 2.8E-02 4.9E-03 7.0E-03 4.2E-03 2.7E-01 3.3E-03 
T16 9.9E-02 1.1E-01 2.5E-02 3.6E-03 7.5E-03 4.1E-03 2.7E-01 3.1E-03 
T16 9.1E-02 1.1E-01 3.1E-02 6.5E-03 7.0E-03 4.4E-03 2.7E-01 5.0E-03 
T16 1.0E-01 1.1E-01 2.7E-02 2.7E-03 7.6E-03 3.7E-03 2.6E-01 3.8E-03 
T16 1.0E-01 1.1E-01 2.4E-02 2.5E-03 7.4E-03 3.3E-03 2.6E-01 3.5E-03 
T16 9.8E-02 9.8E-02 2.6E-02 1.7E-02 7.0E-03 4.9E-03 2.7E-01 3.9E-03 
T16 9.8E-02 1.1E-01 2.6E-02 2.5E-03 7.1E-03 3.3E-03 2.6E-01 3.8E-03 
T16 1.0E-01 1.1E-01 2.7E-02 1.8E-03 6.9E-03 3.1E-03 2.6E-01 3.7E-03 
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ID Al Ca Fe K Mg Na Si Ti 
T16 9.6E-02 1.1E-01 2.8E-02 1.3E-02 7.6E-03 5.2E-03 2.9E-01 2.9E-03 
T16 1.0E-01 1.1E-01 2.8E-02 3.3E-03 7.8E-03 3.8E-03 2.8E-01 3.1E-03 
T16 1.0E-01 1.1E-01 2.5E-02 1.5E-02 8.6E-03 1.1E-02 2.8E-01 3.0E-03 
T16 4.7E-02 4.2E-02 1.1E-02 2.1E-02 4.5E-03 7.7E-03 3.9E-01 1.3E-03 
T16 1.1E-01 1.2E-01 2.6E-02 4.3E-03 8.7E-03 4.0E-03 2.8E-01 3.4E-03 
T16 1.1E-01 1.2E-01 2.5E-02 3.7E-03 8.7E-03 3.1E-03 2.8E-01 3.0E-03 
T16 1.1E-01 1.2E-01 2.5E-02 3.1E-03 8.4E-03 3.2E-03 2.8E-01 3.2E-03 
T16 1.1E-01 1.2E-01 2.5E-02 4.7E-03 8.7E-03 7.0E-03 2.7E-01 3.4E-03 
T16 1.1E-01 1.2E-01 2.6E-02 3.8E-03 8.5E-03 2.9E-03 2.8E-01 3.0E-03 
T16 1.1E-01 1.2E-01 2.5E-02 3.1E-03 8.3E-03 2.7E-03 2.8E-01 3.2E-03 
T16 1.1E-01 1.2E-01 2.5E-02 3.4E-03 8.5E-03 2.0E-03 2.8E-01 3.0E-03 
T16 1.2E-01 1.2E-01 2.6E-02 3.2E-03 8.6E-03 2.1E-03 2.8E-01 3.3E-03 
T16 1.1E-01 1.2E-01 2.6E-02 3.4E-03 8.2E-03 2.2E-03 2.8E-01 3.4E-03 
T16 1.1E-01 1.2E-01 2.7E-02 3.5E-03 8.3E-03 2.5E-03 2.8E-01 3.2E-03 
T16 1.1E-01 1.2E-01 2.6E-02 3.5E-03 7.3E-03 1.5E-03 2.6E-01 3.3E-03 
T16 1.1E-01 1.2E-01 2.5E-02 3.7E-03 8.6E-03 2.1E-03 2.8E-01 3.5E-03 
T16 1.1E-01 1.2E-01 2.7E-02 4.5E-03 8.5E-03 2.5E-03 2.8E-01 3.5E-03 
T16 1.1E-01 1.2E-01 2.5E-02 3.7E-03 8.3E-03 2.1E-03 2.8E-01 3.2E-03 
T16 1.1E-01 1.2E-01 2.5E-02 3.7E-03 8.4E-03 2.1E-03 2.8E-01 3.6E-03 
T16 1.1E-01 1.2E-01 2.5E-02 3.8E-03 8.4E-03 2.6E-03 2.8E-01 3.4E-03 
T16 1.2E-01 1.2E-01 2.4E-02 3.5E-03 8.6E-03 2.7E-03 2.8E-01 3.0E-03 
T16 1.1E-01 1.2E-01 2.6E-02 4.3E-03 8.5E-03 2.3E-03 2.8E-01 3.3E-03 
T16 1.1E-01 1.2E-01 2.6E-02 3.7E-03 8.4E-03 2.4E-03 2.8E-01 3.4E-03 
T16 1.2E-01 1.2E-01 2.5E-02 3.2E-03 8.7E-03 2.5E-03 2.9E-01 3.3E-03 
T16 1.2E-01 1.2E-01 2.5E-02 3.1E-03 8.6E-03 2.3E-03 2.8E-01 3.3E-03 
T16 1.1E-01 1.2E-01 2.7E-02 4.9E-03 8.2E-03 2.8E-03 2.8E-01 3.5E-03 
T16 1.1E-01 1.2E-01 2.7E-02 4.0E-03 8.3E-03 2.5E-03 2.8E-01 3.3E-03 
T16 1.1E-01 1.2E-01 2.5E-02 3.5E-03 8.2E-03 2.4E-03 2.8E-01 3.4E-03 
T16 1.2E-01 1.2E-01 2.6E-02 1.7E-03 8.6E-03 2.4E-03 2.8E-01 3.4E-03 
T16 1.1E-01 1.2E-01 2.5E-02 3.8E-03 8.4E-03 2.5E-03 2.8E-01 3.2E-03 
T16 1.1E-01 1.2E-01 2.5E-02 3.5E-03 8.6E-03 2.3E-03 2.8E-01 3.1E-03 
T16 1.1E-01 1.1E-01 2.6E-02 5.1E-03 8.2E-03 3.0E-03 2.9E-01 3.1E-03 
T16 1.1E-01 1.2E-01 2.7E-02 4.7E-03 8.2E-03 2.5E-03 2.8E-01 3.2E-03 
T16 1.1E-01 1.2E-01 2.6E-02 4.1E-03 8.3E-03 2.5E-03 2.8E-01 3.4E-03 
T16 1.1E-01 1.2E-01 2.6E-02 3.7E-03 8.3E-03 2.5E-03 2.8E-01 3.2E-03 
T16 1.1E-01 1.2E-01 2.7E-02 4.3E-03 8.3E-03 2.3E-03 2.8E-01 3.3E-03 
T16 1.1E-01 1.2E-01 2.6E-02 3.5E-03 8.3E-03 2.1E-03 2.8E-01 3.2E-03 
T16 1.1E-01 1.2E-01 2.7E-02 6.3E-03 8.2E-03 2.9E-03 2.8E-01 3.4E-03 
T16 1.1E-01 1.2E-01 2.8E-02 6.0E-03 8.3E-03 2.9E-03 2.9E-01 3.2E-03 
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ID Al Ca Fe K Mg Na Si Ti 
T16 1.1E-01 1.2E-01 2.8E-02 4.6E-03 8.4E-03 2.8E-03 2.8E-01 3.2E-03 
T16 1.1E-01 1.2E-01 2.6E-02 4.1E-03 8.3E-03 2.6E-03 2.9E-01 3.3E-03 
T16 1.1E-01 1.2E-01 2.5E-02 3.6E-03 8.5E-03 2.5E-03 2.8E-01 3.4E-03 
T16 1.1E-01 1.2E-01 2.6E-02 3.8E-03 8.3E-03 2.1E-03 2.8E-01 3.3E-03 
T16 1.1E-01 1.2E-01 2.6E-02 3.9E-03 8.2E-03 2.1E-03 2.8E-01 3.5E-03 
T16 1.1E-01 1.2E-01 2.8E-02 4.3E-03 8.2E-03 2.6E-03 2.8E-01 4.3E-03 
T16 1.1E-01 1.2E-01 2.8E-02 4.2E-03 8.4E-03 2.8E-03 2.9E-01 3.7E-03 
T16 1.1E-01 1.2E-01 2.7E-02 4.4E-03 8.5E-03 2.5E-03 2.9E-01 3.1E-03 
T16 1.1E-01 1.2E-01 2.6E-02 3.3E-03 8.5E-03 2.2E-03 2.9E-01 3.3E-03 
T16 1.1E-01 1.2E-01 2.7E-02 2.3E-03 7.8E-03 2.6E-03 2.8E-01 3.2E-03 
T16 1.1E-01 1.2E-01 2.7E-02 2.6E-03 8.0E-03 2.4E-03 2.7E-01 3.5E-03 
T16 1.1E-01 1.2E-01 2.5E-02 2.2E-03 7.7E-03 2.3E-03 2.7E-01 3.3E-03 
T16 1.1E-01 1.2E-01 2.5E-02 1.9E-03 8.3E-03 2.3E-03 2.8E-01 3.3E-03 
T16 1.1E-01 1.2E-01 2.5E-02 2.1E-03 8.1E-03 2.5E-03 2.8E-01 3.0E-03 
T16 1.1E-01 1.2E-01 2.6E-02 2.4E-03 7.5E-03 1.9E-03 2.7E-01 3.2E-03 
T16 1.1E-01 1.2E-01 2.5E-02 2.0E-03 7.8E-03 1.7E-03 2.7E-01 2.9E-03 
T16 1.1E-01 1.2E-01 2.4E-02 1.9E-03 8.0E-03 2.1E-03 2.7E-01 3.4E-03 
T16 1.1E-01 1.2E-01 2.4E-02 1.8E-03 8.0E-03 2.2E-03 2.7E-01 3.2E-03 
T16 9.3E-02 6.7E-02 3.5E-02 1.8E-02 5.2E-03 1.4E-02 3.1E-01 3.3E-03 
T16 1.1E-01 1.2E-01 2.6E-02 3.1E-03 8.1E-03 4.0E-03 2.7E-01 3.2E-03 
T16 1.0E-01 1.1E-01 2.8E-02 5.9E-03 7.8E-03 3.3E-03 2.8E-01 3.1E-03 
T16 1.1E-01 1.2E-01 2.5E-02 2.5E-03 8.1E-03 3.1E-03 2.8E-01 3.1E-03 
T16 1.1E-01 1.2E-01 2.6E-02 2.5E-03 7.8E-03 3.5E-03 2.7E-01 3.3E-03 
T16 5.5E-02 6.6E-02 3.9E-02 1.7E-02 6.3E-03 9.1E-03 3.2E-01 2.2E-03 
T16 9.3E-02 5.1E-02 1.6E-02 2.8E-02 5.1E-03 1.7E-02 3.0E-01 2.3E-03 
T16 8.3E-02 5.0E-02 2.3E-02 3.0E-02 5.1E-03 2.1E-02 3.0E-01 9.3E-04 
T16 1.1E-01 1.2E-01 2.5E-02 1.8E-03 7.9E-03 3.9E-03 2.7E-01 3.1E-03 
T16 1.1E-01 1.2E-01 2.4E-02 1.8E-03 8.2E-03 2.0E-03 2.7E-01 3.0E-03 
T16 1.1E-01 1.2E-01 2.5E-02 1.8E-03 8.2E-03 2.7E-03 2.7E-01 3.4E-03 
T16 1.1E-01 1.2E-01 2.6E-02 1.9E-03 8.0E-03 1.8E-03 2.7E-01 3.5E-03 
T16 1.1E-01 1.2E-01 2.4E-02 1.8E-03 8.0E-03 2.4E-03 2.7E-01 3.7E-03 
T16 1.1E-01 1.2E-01 2.5E-02 1.5E-03 7.5E-03 1.9E-03 2.6E-01 3.6E-03 
T16 1.1E-01 1.2E-01 2.5E-02 2.6E-03 8.1E-03 2.8E-03 2.8E-01 3.2E-03 
T16 1.1E-01 1.2E-01 2.5E-02 2.1E-03 7.9E-03 2.2E-03 2.7E-01 3.4E-03 
T16 1.2E-01 1.2E-01 2.7E-02 4.6E-03 8.6E-03 5.1E-03 2.7E-01 3.0E-03 
T16 1.1E-01 1.2E-01 2.6E-02 2.0E-03 7.5E-03 3.0E-03 2.7E-01 3.5E-03 
T17 5.1E-02 7.9E-02 1.9E-02 2.9E-02 4.9E-03 1.4E-02 3.1E-01 9.6E-04 
T17 5.8E-02 1.2E-01 2.4E-02 2.4E-02 6.4E-03 1.3E-02 2.8E-01 2.2E-03 
T17 6.2E-02 1.1E-01 2.4E-02 2.5E-02 6.3E-03 1.3E-02 2.9E-01 2.7E-03 
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ID Al Ca Fe K Mg Na Si Ti 
T17 6.1E-02 1.1E-01 2.3E-02 2.5E-02 6.3E-03 1.3E-02 2.9E-01 2.2E-03 
T17 6.3E-02 8.2E-02 2.1E-02 3.2E-02 4.6E-03 1.5E-02 3.0E-01 2.6E-03 
T17 6.5E-02 1.0E-01 2.5E-02 2.4E-02 6.6E-03 1.3E-02 3.1E-01 2.2E-03 
T17 6.5E-02 1.0E-01 2.6E-02 2.5E-02 6.4E-03 1.2E-02 3.1E-01 2.4E-03 
T17 3.1E-02 5.0E-02 1.2E-02 2.4E-02 4.1E-03 1.0E-02 3.9E-01 1.2E-03 
T17 4.2E-02 1.0E-01 1.6E-02 2.5E-02 5.6E-03 1.2E-02 3.3E-01 1.6E-03 
T17 6.6E-02 1.1E-01 2.4E-02 2.4E-02 6.5E-03 1.3E-02 3.0E-01 2.3E-03 
T17 4.1E-02 7.9E-02 2.0E-02 2.3E-02 6.2E-03 1.2E-02 3.5E-01 2.5E-03 
T17 7.1E-02 1.3E-01 2.0E-02 1.8E-02 6.9E-03 1.2E-02 2.9E-01 2.4E-03 
T17 6.4E-02 1.0E-01 2.4E-02 2.6E-02 6.6E-03 1.3E-02 3.1E-01 2.1E-03 
T17 4.5E-02 7.7E-02 1.7E-02 2.5E-02 4.9E-03 1.2E-02 3.5E-01 1.7E-03 
T17 7.1E-02 1.3E-01 2.3E-02 2.0E-02 7.4E-03 1.2E-02 2.9E-01 3.3E-03 
T17 6.3E-02 1.2E-01 2.1E-02 2.1E-02 6.8E-03 1.2E-02 3.0E-01 2.9E-03 
T17 6.6E-02 1.0E-01 2.3E-02 2.6E-02 6.3E-03 1.3E-02 3.1E-01 1.6E-03 
T17 6.6E-02 1.1E-01 2.4E-02 2.4E-02 6.6E-03 1.3E-02 3.0E-01 2.2E-03 
T17 6.0E-02 9.7E-02 2.4E-02 2.6E-02 5.8E-03 1.3E-02 3.1E-01 1.8E-03 
T17 6.2E-02 1.2E-01 2.5E-02 2.0E-02 6.6E-03 1.1E-02 3.0E-01 2.3E-03 
T17 6.6E-02 1.2E-01 2.1E-02 2.3E-02 6.8E-03 1.2E-02 3.0E-01 2.3E-03 
T17 6.3E-02 1.3E-01 2.4E-02 2.0E-02 7.0E-03 1.1E-02 3.0E-01 2.0E-03 
T17 6.5E-02 1.1E-01 2.5E-02 2.5E-02 6.6E-03 1.2E-02 3.1E-01 2.1E-03 
T17 6.9E-02 9.3E-02 5.0E-02 2.7E-02 7.6E-03 1.5E-02 3.0E-01 3.1E-03 
T17 8.9E-02 1.1E-01 2.9E-02 2.5E-02 6.9E-03 1.4E-02 2.8E-01 2.4E-03 
T17 6.7E-02 1.1E-01 2.3E-02 2.6E-02 6.7E-03 1.4E-02 3.1E-01 2.0E-03 
T17 6.9E-02 9.8E-02 2.5E-02 2.7E-02 7.5E-03 1.5E-02 3.2E-01 1.7E-03 
T17 3.1E-03 1.9E-03 1.8E-03 2.9E-03 1.3E-03 1.8E-03 4.7E-01 1.7E-04 
T17 6.5E-02 1.2E-01 2.5E-02 2.1E-02 7.5E-03 1.2E-02 3.0E-01 2.1E-03 
T17 6.5E-02 1.2E-01 2.6E-02 2.2E-02 7.3E-03 1.2E-02 3.0E-01 2.2E-03 
T17 6.3E-02 1.0E-01 2.5E-02 2.4E-02 5.9E-03 1.2E-02 3.0E-01 1.8E-03 
T17 6.8E-02 1.1E-01 2.5E-02 2.4E-02 6.9E-03 1.2E-02 3.1E-01 2.0E-03 
T17 3.0E-02 4.6E-02 1.6E-02 2.2E-02 4.3E-03 1.3E-02 3.8E-01 5.9E-04 
T17 6.4E-02 1.1E-01 2.4E-02 2.5E-02 6.5E-03 1.2E-02 3.1E-01 2.0E-03 
T17 6.8E-02 1.1E-01 2.6E-02 2.5E-02 7.0E-03 1.3E-02 3.2E-01 2.1E-03 
T17 5.7E-02 8.3E-02 2.1E-02 2.8E-02 5.6E-03 1.4E-02 3.3E-01 1.7E-03 
T17 6.1E-02 8.7E-02 2.3E-02 2.8E-02 5.9E-03 1.3E-02 3.3E-01 1.6E-03 
T17 6.7E-02 1.0E-01 2.5E-02 2.6E-02 6.6E-03 1.3E-02 3.2E-01 2.2E-03 
T17 6.8E-02 9.8E-02 2.5E-02 2.6E-02 6.9E-03 1.3E-02 3.2E-01 1.8E-03 
T17 6.9E-02 1.1E-01 2.6E-02 2.4E-02 7.3E-03 1.4E-02 3.1E-01 2.3E-03 
T17 4.8E-02 6.3E-02 2.0E-02 3.1E-02 4.7E-03 1.1E-02 3.6E-01 1.1E-03 
T17 3.7E-04 2.0E-04 5.0E-04 5.1E-04 9.4E-05 0.0E+00 4.6E-01 2.1E-05 
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ID Al Ca Fe K Mg Na Si Ti 
T17 1.6E-02 2.9E-02 1.2E-02 1.7E-02 3.1E-03 6.3E-03 4.3E-01 3.7E-04 
T17 6.8E-02 1.0E-01 2.4E-02 2.7E-02 6.6E-03 1.3E-02 3.2E-01 2.0E-03 
T17 7.0E-02 1.0E-01 2.6E-02 2.5E-02 7.0E-03 1.3E-02 3.1E-01 2.1E-03 
T17 6.4E-02 9.7E-02 2.5E-02 2.5E-02 6.4E-03 1.4E-02 3.1E-01 1.9E-03 
T17 6.2E-02 8.5E-02 2.0E-02 2.8E-02 6.2E-03 1.3E-02 3.4E-01 1.7E-03 
T17 6.1E-02 8.8E-02 2.2E-02 2.7E-02 6.2E-03 1.4E-02 3.4E-01 1.8E-03 
T17 6.8E-02 9.7E-02 2.4E-02 2.6E-02 6.8E-03 1.3E-02 3.2E-01 2.0E-03 
T17 6.3E-02 8.8E-02 2.2E-02 2.6E-02 6.8E-03 1.3E-02 3.3E-01 2.2E-03 
T17 3.9E-02 6.4E-02 1.6E-02 2.5E-02 5.1E-03 1.1E-02 3.7E-01 1.5E-03 
T17 4.4E-02 6.0E-02 1.5E-02 2.9E-02 4.7E-03 1.2E-02 3.6E-01 1.1E-03 
T17 6.6E-02 1.1E-01 2.5E-02 2.3E-02 6.9E-03 1.2E-02 3.1E-01 2.0E-03 
T17 6.8E-02 1.0E-01 2.5E-02 2.5E-02 6.5E-03 1.3E-02 3.1E-01 2.2E-03 
T17 7.6E-05 2.6E-04 1.4E-04 0.0E+00 0.0E+00 1.1E-04 4.4E-01 1.5E-06 
T17 4.4E-02 6.4E-02 1.4E-02 2.6E-02 5.0E-03 1.2E-02 3.7E-01 1.1E-03 
T17 1.7E-02 2.9E-02 1.1E-02 1.7E-02 3.3E-03 6.5E-03 4.3E-01 3.1E-04 
T17 6.5E-02 9.9E-02 2.4E-02 2.6E-02 6.5E-03 1.2E-02 3.2E-01 1.8E-03 
T17 4.6E-02 6.8E-02 1.2E-02 2.6E-02 3.9E-03 1.1E-02 3.4E-01 1.1E-03 
T17 6.6E-02 9.6E-02 1.8E-02 2.5E-02 6.1E-03 1.3E-02 3.2E-01 2.0E-03 
T17 6.5E-02 9.7E-02 2.1E-02 2.5E-02 6.4E-03 1.3E-02 3.2E-01 1.9E-03 
T17 6.6E-02 1.1E-01 2.6E-02 2.2E-02 7.4E-03 1.2E-02 3.2E-01 2.3E-03 
T17 5.3E-02 7.4E-02 2.0E-02 2.7E-02 5.2E-03 1.2E-02 3.5E-01 1.8E-03 
T17 6.6E-02 9.9E-02 2.6E-02 2.5E-02 6.8E-03 1.3E-02 3.2E-01 1.9E-03 
T17 5.4E-02 8.1E-02 1.7E-02 2.6E-02 5.7E-03 1.3E-02 3.4E-01 1.6E-03 
T17 4.8E-04 2.6E-04 9.2E-05 8.5E-04 2.3E-05 0.0E+00 4.4E-01 1.9E-04 
T17 6.7E-02 1.0E-01 2.3E-02 2.5E-02 6.8E-03 1.3E-02 3.2E-01 2.1E-03 
T17 6.7E-02 1.1E-01 2.3E-02 2.4E-02 6.5E-03 1.2E-02 3.2E-01 2.1E-03 
T17 3.2E-03 2.6E-03 1.2E-03 1.8E-03 1.3E-03 1.7E-04 4.9E-01 0.0E+00 
T17 4.4E-04 2.2E-04 1.0E-04 8.4E-04 6.5E-06 1.4E-04 4.5E-01 2.1E-05 
T17 4.3E-05 1.5E-04 2.3E-04 1.1E-04 3.7E-06 0.0E+00 4.5E-01 9.1E-06 
T17 5.3E-04 4.0E-04 1.5E-04 3.3E-04 2.1E-05 0.0E+00 4.6E-01 0.0E+00 
T17 8.5E-05 2.5E-03 9.4E-04 3.0E-03 3.9E-05 5.2E-04 4.4E-01 3.8E-06 
T17 2.9E-05 1.3E-04 1.8E-03 4.1E-04 0.0E+00 7.0E-03 4.4E-01 1.2E-04 
T17 4.8E-02 7.3E-02 2.1E-02 2.6E-02 6.1E-03 1.2E-02 3.4E-01 2.0E-03 
T17 6.4E-02 1.0E-01 2.4E-02 2.6E-02 6.2E-03 1.2E-02 3.1E-01 2.1E-03 
T17 6.3E-02 1.0E-01 2.4E-02 2.4E-02 6.2E-03 1.2E-02 3.1E-01 2.1E-03 
T17 2.8E-02 4.1E-02 1.1E-02 2.6E-02 4.4E-03 8.8E-03 4.0E-01 8.2E-04 
T17 6.4E-02 9.9E-02 2.4E-02 2.6E-02 6.2E-03 1.3E-02 3.1E-01 2.0E-03 
T17 6.2E-02 9.2E-02 2.3E-02 2.7E-02 6.3E-03 1.3E-02 3.2E-01 1.7E-03 
T17 6.5E-02 1.0E-01 2.5E-02 2.6E-02 6.5E-03 1.3E-02 3.1E-01 2.3E-03 
 
 
276 
ID Al Ca Fe K Mg Na Si Ti 
T17 6.5E-02 1.0E-01 2.4E-02 2.5E-02 6.5E-03 1.2E-02 3.1E-01 2.1E-03 
T17 5.2E-02 8.1E-02 2.0E-02 2.8E-02 5.7E-03 1.2E-02 3.4E-01 1.6E-03 
T17 4.2E-02 1.2E-01 6.8E-02 1.7E-02 5.0E-03 1.0E-02 3.0E-01 4.9E-03 
T17 5.8E-02 1.2E-01 2.4E-02 2.5E-02 4.0E-03 1.2E-02 2.9E-01 2.4E-03 
T17 4.2E-02 6.4E-02 4.6E-02 2.6E-02 3.3E-03 9.9E-03 3.1E-01 1.1E-02 
T17 5.0E-02 1.0E-01 3.8E-02 2.7E-02 6.4E-03 1.2E-02 3.1E-01 2.0E-03 
T17 6.3E-02 9.8E-02 3.5E-02 2.7E-02 6.8E-03 1.4E-02 3.1E-01 2.7E-03 
T17 6.2E-02 1.1E-01 2.6E-02 2.3E-02 6.3E-03 1.2E-02 3.0E-01 2.3E-03 
T17 5.5E-02 1.0E-01 2.3E-02 2.5E-02 2.4E-04 1.2E-02 2.9E-01 2.2E-03 
T17 5.9E-02 1.0E-01 2.5E-02 2.5E-02 3.2E-04 1.2E-02 2.9E-01 2.1E-03 
T17 6.4E-02 9.1E-02 2.2E-02 2.5E-02 6.0E-03 1.4E-02 3.0E-01 2.2E-03 
T17 6.2E-02 9.8E-02 2.4E-02 2.5E-02 6.4E-03 1.3E-02 3.0E-01 1.1E-03 
T17 5.2E-02 9.9E-02 2.5E-02 2.5E-02 2.8E-04 1.2E-02 3.0E-01 1.8E-03 
T17 6.3E-02 1.0E-01 2.4E-02 2.3E-02 6.4E-03 1.2E-02 3.0E-01 2.8E-03 
T17 6.3E-02 9.8E-02 2.2E-02 2.7E-02 6.1E-03 1.3E-02 3.0E-01 1.7E-03 
T17 5.7E-02 9.9E-02 2.4E-02 2.7E-02 3.3E-04 1.3E-02 2.9E-01 2.0E-03 
T17 5.5E-02 9.9E-02 2.4E-02 2.5E-02 2.5E-04 1.2E-02 2.9E-01 2.0E-03 
T17 6.1E-02 1.0E-01 2.5E-02 2.5E-02 6.1E-03 1.2E-02 3.0E-01 2.4E-03 
T17 6.0E-02 1.2E-01 2.4E-02 2.3E-02 6.3E-03 1.2E-02 2.9E-01 2.2E-03 
T17 6.1E-02 1.0E-01 2.3E-02 2.6E-02 6.1E-03 1.2E-02 2.9E-01 2.1E-03 
T17 4.5E-02 9.8E-02 3.5E-02 2.3E-02 6.0E-03 1.4E-02 3.0E-01 2.1E-03 
T17 5.7E-02 8.5E-02 2.5E-02 2.4E-02 5.8E-03 1.2E-02 3.3E-01 1.6E-03 
T17 6.6E-02 1.0E-01 2.5E-02 2.5E-02 6.3E-03 1.2E-02 3.1E-01 2.3E-03 
T17 6.3E-02 1.1E-01 2.5E-02 2.4E-02 6.7E-03 1.2E-02 3.1E-01 2.1E-03 
T17 6.4E-02 1.0E-01 2.6E-02 2.6E-02 6.4E-03 1.2E-02 3.1E-01 2.4E-03 
T17 6.3E-02 9.9E-02 2.4E-02 2.5E-02 6.7E-03 1.3E-02 3.2E-01 2.0E-03 
T17 5.2E-02 7.9E-02 2.2E-02 2.8E-02 5.7E-03 1.3E-02 3.4E-01 1.7E-03 
T17 6.4E-02 1.0E-01 2.5E-02 2.5E-02 6.3E-03 1.2E-02 3.1E-01 1.9E-03 
T17 6.3E-02 1.0E-01 2.5E-02 2.5E-02 6.4E-03 1.2E-02 3.0E-01 1.9E-03 
T17 5.7E-02 9.1E-02 2.3E-02 2.5E-02 6.0E-03 1.2E-02 3.3E-01 2.2E-03 
T17 6.7E-02 6.8E-02 1.6E-02 3.0E-02 4.3E-03 1.5E-02 3.3E-01 1.1E-03 
T17 6.4E-02 1.0E-01 2.4E-02 2.4E-02 6.2E-03 1.2E-02 3.1E-01 2.1E-03 
T17 6.5E-02 1.0E-01 2.5E-02 2.6E-02 6.1E-03 1.2E-02 3.0E-01 2.1E-03 
T17 5.6E-02 1.1E-01 2.3E-02 2.3E-02 6.7E-03 1.2E-02 3.1E-01 2.0E-03 
T17 5.0E-02 7.8E-02 2.3E-02 2.5E-02 5.7E-03 1.3E-02 3.4E-01 1.6E-03 
T17 6.5E-02 1.0E-01 2.4E-02 2.5E-02 6.2E-03 1.2E-02 3.1E-01 2.1E-03 
T17 6.7E-02 9.9E-02 2.4E-02 2.7E-02 6.4E-03 1.3E-02 3.1E-01 1.7E-03 
T17 2.6E-03 3.8E-03 1.5E-03 2.6E-03 9.1E-04 1.6E-03 4.6E-01 5.9E-06 
T17 2.8E-03 9.0E-05 5.3E-04 2.5E-03 8.2E-04 1.7E-03 4.7E-01 0.0E+00 
 
 
277 
ID Al Ca Fe K Mg Na Si Ti 
T17 6.6E-02 1.0E-01 2.5E-02 2.5E-02 6.4E-03 1.2E-02 3.1E-01 2.1E-03 
T17 6.7E-02 1.0E-01 2.5E-02 2.5E-02 6.2E-03 1.2E-02 3.1E-01 2.3E-03 
T17 6.6E-02 9.8E-02 2.4E-02 2.6E-02 6.1E-03 1.2E-02 3.1E-01 1.7E-03 
T17 6.8E-02 1.1E-01 2.5E-02 2.5E-02 7.0E-03 1.3E-02 3.1E-01 2.2E-03 
T17 6.6E-02 9.3E-02 2.2E-02 2.8E-02 5.5E-03 1.4E-02 3.0E-01 1.6E-03 
T17 5.9E-02 1.1E-01 3.0E-02 2.4E-02 8.5E-03 1.6E-02 3.1E-01 3.1E-03 
T17 5.9E-02 9.9E-02 3.8E-02 2.7E-02 7.3E-03 1.8E-02 3.1E-01 2.6E-03 
T17 6.5E-02 1.1E-01 2.5E-02 2.3E-02 7.2E-03 1.4E-02 3.1E-01 1.9E-03 
T17 6.4E-02 1.1E-01 2.5E-02 2.3E-02 7.3E-03 1.4E-02 3.1E-01 2.3E-03 
T17 6.3E-02 9.7E-02 2.1E-02 2.7E-02 6.5E-03 1.6E-02 3.2E-01 1.7E-03 
T17 6.8E-02 1.1E-01 2.4E-02 2.4E-02 7.1E-03 1.2E-02 3.1E-01 2.2E-03 
T17 5.6E-02 8.5E-02 1.9E-02 2.7E-02 5.2E-03 1.7E-02 3.2E-01 1.4E-03 
T17 6.4E-02 1.2E-01 2.7E-02 2.1E-02 7.4E-03 1.3E-02 3.0E-01 2.4E-03 
T17 6.2E-02 1.0E-01 2.5E-02 2.6E-02 7.6E-03 1.4E-02 3.2E-01 2.5E-03 
T17 6.4E-02 9.9E-02 2.5E-02 2.5E-02 6.5E-03 1.3E-02 3.2E-01 1.8E-03 
T17 6.5E-02 1.1E-01 2.5E-02 2.4E-02 7.0E-03 1.2E-02 3.1E-01 2.3E-03 
T17 6.6E-02 1.1E-01 2.3E-02 2.5E-02 6.5E-03 1.2E-02 3.1E-01 2.1E-03 
T17 6.3E-02 1.0E-01 2.4E-02 2.7E-02 6.8E-03 1.4E-02 3.2E-01 2.1E-03 
T18 5.5E-02 7.7E-02 1.9E-02 2.5E-02 5.9E-03 1.0E-02 3.1E-01 1.9E-03 
T18 5.2E-02 8.9E-02 2.2E-02 2.4E-02 6.2E-03 9.9E-03 3.1E-01 4.3E-03 
T18 5.6E-02 9.2E-02 2.2E-02 2.4E-02 5.9E-03 1.1E-02 3.0E-01 2.2E-03 
T18 4.1E-02 6.0E-02 6.2E-02 2.9E-02 4.4E-03 8.3E-03 3.2E-01 1.7E-03 
T18 5.0E-02 7.7E-02 1.7E-02 2.4E-02 5.5E-03 9.3E-03 3.2E-01 2.8E-03 
T18 3.5E-02 5.5E-02 2.2E-02 2.4E-02 4.1E-03 6.5E-03 3.6E-01 2.5E-03 
T18 5.6E-02 8.4E-02 1.8E-02 2.3E-02 6.0E-03 1.1E-02 3.2E-01 2.3E-03 
T18 6.0E-02 8.4E-02 1.9E-02 2.6E-02 5.8E-03 1.1E-02 3.3E-01 1.7E-03 
T18 6.9E-02 9.8E-02 2.3E-02 2.1E-02 6.6E-03 1.2E-02 3.1E-01 2.3E-03 
T18 6.6E-02 9.5E-02 2.2E-02 2.2E-02 6.7E-03 1.2E-02 3.2E-01 2.4E-03 
T18 7.9E-02 1.2E-01 2.4E-02 2.2E-02 7.3E-03 1.2E-02 2.9E-01 5.9E-03 
T18 6.5E-02 9.6E-02 2.2E-02 2.1E-02 6.7E-03 1.1E-02 3.2E-01 2.2E-03 
T18 6.5E-02 9.3E-02 1.9E-02 2.4E-02 6.7E-03 1.2E-02 3.2E-01 1.9E-03 
T18 6.1E-02 9.0E-02 2.5E-02 2.8E-02 6.7E-03 1.1E-02 3.2E-01 2.4E-03 
T18 6.2E-02 9.3E-02 2.2E-02 2.5E-02 6.5E-03 1.1E-02 3.2E-01 2.5E-03 
T18 6.5E-02 9.8E-02 2.1E-02 2.2E-02 6.6E-03 1.1E-02 3.1E-01 2.3E-03 
T18 1.2E-01 1.6E-01 4.4E-02 8.1E-03 1.4E-02 6.6E-03 2.1E-01 5.3E-03 
T18 6.3E-02 8.9E-02 2.2E-02 2.6E-02 6.4E-03 1.1E-02 3.2E-01 2.3E-03 
T18 6.0E-02 8.6E-02 2.0E-02 2.5E-02 6.1E-03 1.0E-02 3.3E-01 1.8E-03 
T18 6.2E-02 8.9E-02 1.9E-02 2.3E-02 6.3E-03 1.1E-02 3.2E-01 2.4E-03 
T18 6.1E-02 8.8E-02 2.7E-02 2.4E-02 6.2E-03 9.5E-03 3.2E-01 2.1E-03 
 
 
278 
ID Al Ca Fe K Mg Na Si Ti 
T18 4.7E-02 5.2E-02 7.3E-02 4.0E-02 2.2E-03 7.0E-03 3.2E-01 2.0E-03 
T18 6.1E-02 8.9E-02 2.4E-02 2.4E-02 6.6E-03 9.5E-03 3.3E-01 2.1E-03 
T18 6.1E-02 9.0E-02 2.9E-02 2.2E-02 6.4E-03 1.1E-02 3.3E-01 2.2E-03 
T18 6.1E-02 9.0E-02 3.0E-02 2.5E-02 6.6E-03 1.1E-02 3.3E-01 2.1E-03 
T18 6.4E-02 8.9E-02 1.9E-02 2.5E-02 7.0E-03 1.2E-02 3.3E-01 2.1E-03 
T18 1.4E-01 1.3E-01 2.6E-02 1.2E-02 7.4E-03 1.2E-02 2.2E-01 2.5E-03 
T18 6.5E-02 9.3E-02 2.0E-02 2.5E-02 7.0E-03 1.1E-02 3.3E-01 1.9E-03 
T18 6.4E-02 8.8E-02 1.9E-02 2.5E-02 7.1E-03 1.2E-02 3.3E-01 2.1E-03 
T18 6.1E-02 7.9E-02 1.6E-02 2.4E-02 7.9E-03 1.5E-02 3.2E-01 1.7E-03 
T18 6.6E-02 9.3E-02 1.8E-02 2.5E-02 6.9E-03 1.2E-02 3.3E-01 2.0E-03 
T18 6.6E-02 9.8E-02 2.0E-02 2.3E-02 7.2E-03 1.2E-02 3.3E-01 2.0E-03 
T18 6.6E-02 9.8E-02 2.0E-02 2.4E-02 7.2E-03 1.2E-02 3.2E-01 2.3E-03 
T18 6.9E-02 1.0E-01 2.2E-02 2.2E-02 7.4E-03 1.2E-02 3.2E-01 2.3E-03 
T18 6.3E-02 9.4E-02 2.0E-02 2.3E-02 6.7E-03 1.1E-02 3.3E-01 2.0E-03 
T18 6.6E-02 9.5E-02 2.3E-02 2.2E-02 6.9E-03 1.1E-02 3.3E-01 1.9E-03 
T18 6.7E-02 9.2E-02 2.2E-02 2.2E-02 6.9E-03 1.2E-02 3.3E-01 2.2E-03 
T18 6.7E-02 9.4E-02 2.2E-02 2.2E-02 7.0E-03 1.1E-02 3.2E-01 2.1E-03 
T18 6.8E-02 9.3E-02 2.3E-02 2.5E-02 6.7E-03 1.2E-02 3.2E-01 1.9E-03 
T18 5.5E-02 7.8E-02 1.7E-02 2.6E-02 5.9E-03 9.3E-03 3.4E-01 1.6E-03 
T18 6.6E-02 9.5E-02 1.9E-02 2.5E-02 6.9E-03 1.2E-02 3.3E-01 2.2E-03 
T18 6.6E-02 1.0E-01 2.1E-02 2.2E-02 6.8E-03 1.1E-02 3.2E-01 2.2E-03 
T18 8.1E-02 1.0E-01 1.9E-02 2.3E-02 7.1E-03 1.3E-02 3.1E-01 2.1E-03 
T18 4.0E-02 5.6E-02 1.4E-02 2.6E-02 5.0E-03 6.9E-03 3.8E-01 1.2E-03 
T18 6.6E-02 9.9E-02 1.9E-02 2.4E-02 6.4E-03 1.2E-02 3.3E-01 2.1E-03 
T18 6.9E-02 1.1E-01 2.4E-02 2.1E-02 8.0E-03 1.2E-02 3.1E-01 2.6E-03 
T18 6.5E-02 8.9E-02 1.9E-02 2.4E-02 7.1E-03 1.2E-02 3.3E-01 2.6E-03 
T18 5.6E-02 7.9E-02 1.8E-02 2.6E-02 6.2E-03 9.8E-03 3.5E-01 2.0E-03 
T18 6.5E-02 9.6E-02 2.0E-02 2.3E-02 6.9E-03 1.1E-02 3.3E-01 2.2E-03 
T18 7.2E-02 1.1E-01 2.1E-02 2.2E-02 7.1E-03 1.2E-02 3.1E-01 3.3E-03 
T18 6.4E-02 9.1E-02 1.9E-02 2.7E-02 6.2E-03 1.1E-02 3.2E-01 2.0E-03 
T18 6.8E-02 8.7E-02 1.9E-02 2.6E-02 6.9E-03 1.2E-02 3.3E-01 2.0E-03 
T18 6.4E-02 1.1E-01 2.0E-02 2.2E-02 7.1E-03 1.1E-02 3.1E-01 2.4E-03 
T18 6.1E-02 9.0E-02 1.9E-02 2.6E-02 6.5E-03 1.1E-02 3.4E-01 1.8E-03 
T18 6.2E-02 9.6E-02 2.9E-02 2.4E-02 6.9E-03 1.1E-02 3.2E-01 2.6E-03 
T18 6.9E-02 9.4E-02 2.0E-02 2.5E-02 7.2E-03 1.2E-02 3.2E-01 2.0E-03 
T18 6.3E-02 9.4E-02 2.6E-02 2.5E-02 6.7E-03 1.1E-02 3.3E-01 2.3E-03 
T18 6.6E-02 9.3E-02 1.9E-02 2.4E-02 6.6E-03 1.1E-02 3.2E-01 1.9E-03 
T18 6.6E-02 9.5E-02 1.9E-02 2.5E-02 6.9E-03 1.1E-02 3.3E-01 2.1E-03 
T18 6.2E-02 9.4E-02 2.1E-02 2.5E-02 6.7E-03 1.1E-02 3.3E-01 2.2E-03 
 
 
279 
ID Al Ca Fe K Mg Na Si Ti 
T18 6.3E-02 8.8E-02 1.9E-02 2.6E-02 6.6E-03 1.2E-02 3.4E-01 2.0E-03 
T18 7.1E-02 9.9E-02 1.9E-02 2.4E-02 7.2E-03 1.2E-02 3.3E-01 2.1E-03 
T18 6.5E-02 9.1E-02 1.8E-02 2.6E-02 6.7E-03 1.1E-02 3.3E-01 2.0E-03 
T18 6.5E-02 9.6E-02 2.0E-02 2.5E-02 6.7E-03 1.1E-02 3.3E-01 2.2E-03 
T18 6.5E-02 9.7E-02 2.0E-02 2.5E-02 6.8E-03 1.2E-02 3.2E-01 2.3E-03 
T18 6.4E-02 9.9E-02 2.0E-02 2.4E-02 6.7E-03 1.1E-02 3.2E-01 2.3E-03 
T18 6.3E-02 8.7E-02 1.9E-02 2.2E-02 7.0E-03 1.2E-02 3.1E-01 2.4E-03 
T18 6.2E-02 9.2E-02 1.8E-02 2.2E-02 6.3E-03 1.1E-02 3.0E-01 2.6E-03 
T18 6.2E-02 9.5E-02 1.9E-02 2.4E-02 6.3E-03 1.1E-02 2.9E-01 2.6E-03 
T18 5.9E-02 8.7E-02 1.8E-02 2.4E-02 5.8E-03 1.1E-02 3.0E-01 2.2E-03 
T18 6.1E-02 9.2E-02 1.9E-02 2.3E-02 6.3E-03 1.2E-02 3.0E-01 2.4E-03 
T18 5.6E-02 8.6E-02 1.7E-02 2.5E-02 5.7E-03 1.1E-02 3.0E-01 2.2E-03 
T18 5.3E-02 8.5E-02 1.7E-02 2.4E-02 5.5E-03 1.1E-02 3.2E-01 1.9E-03 
T18 5.9E-02 8.8E-02 2.1E-02 2.2E-02 6.2E-03 1.0E-02 3.1E-01 2.2E-03 
T18 5.9E-02 9.8E-02 1.9E-02 2.3E-02 1.7E-04 1.2E-02 3.0E-01 2.6E-03 
T18 6.4E-02 9.7E-02 2.2E-02 2.3E-02 6.7E-03 1.1E-02 2.9E-01 2.3E-03 
T18 6.8E-02 1.0E-01 2.1E-02 2.2E-02 6.8E-03 1.1E-02 2.8E-01 2.7E-03 
T18 5.8E-02 8.8E-02 1.8E-02 2.4E-02 6.0E-03 1.1E-02 3.1E-01 2.6E-03 
T18 6.0E-02 8.8E-02 1.8E-02 2.4E-02 5.9E-03 1.1E-02 3.0E-01 2.1E-03 
T18 6.0E-02 9.1E-02 2.0E-02 2.3E-02 6.4E-03 1.1E-02 3.1E-01 2.2E-03 
T18 5.7E-02 9.6E-02 2.1E-02 2.2E-02 3.2E-04 1.1E-02 3.0E-01 2.4E-03 
T18 6.5E-02 9.5E-02 2.4E-02 2.2E-02 6.8E-03 1.1E-02 3.0E-01 2.6E-03 
T18 6.2E-02 9.2E-02 1.9E-02 2.3E-02 6.8E-03 1.1E-02 3.0E-01 2.0E-03 
T18 6.0E-02 9.5E-02 1.9E-02 2.5E-02 5.9E-03 1.1E-02 2.9E-01 2.5E-03 
T18 5.9E-02 8.9E-02 1.8E-02 2.5E-02 6.1E-03 1.1E-02 3.0E-01 1.6E-03 
T18 5.5E-02 9.2E-02 2.7E-02 2.4E-02 5.9E-03 1.0E-02 3.0E-01 2.6E-03 
T18 5.3E-02 8.8E-02 2.5E-02 2.3E-02 3.1E-04 1.0E-02 3.0E-01 2.2E-03 
T18 6.3E-02 9.1E-02 2.5E-02 2.1E-02 6.3E-03 1.1E-02 3.0E-01 1.8E-03 
T18 6.0E-02 8.9E-02 2.2E-02 2.3E-02 6.3E-03 1.1E-02 3.1E-01 2.3E-03 
T18 5.9E-02 9.4E-02 2.3E-02 2.3E-02 6.3E-03 1.1E-02 3.0E-01 3.1E-03 
T18 6.1E-02 9.1E-02 2.2E-02 2.4E-02 6.7E-03 1.2E-02 3.1E-01 2.1E-03 
T18 4.2E-02 8.2E-02 5.9E-02 2.7E-02 3.7E-03 6.6E-03 3.0E-01 2.5E-03 
T18 5.1E-02 7.2E-02 3.6E-02 2.3E-02 5.3E-03 8.9E-03 3.3E-01 2.1E-03 
T18 4.6E-02 7.9E-02 3.9E-02 2.6E-02 4.3E-03 7.9E-03 3.2E-01 2.3E-03 
T18 5.9E-02 1.0E-01 2.1E-02 2.4E-02 6.4E-03 1.2E-02 3.0E-01 2.5E-03 
T18 6.0E-02 9.5E-02 1.9E-02 2.3E-02 6.4E-03 1.2E-02 3.0E-01 2.1E-03 
T18 5.8E-02 8.7E-02 1.8E-02 2.5E-02 5.7E-03 1.2E-02 3.1E-01 2.1E-03 
T18 5.9E-02 9.2E-02 2.1E-02 2.4E-02 6.0E-03 1.2E-02 3.1E-01 2.3E-03 
T18 5.3E-02 7.5E-02 1.7E-02 2.6E-02 5.4E-03 1.0E-02 3.3E-01 2.5E-03 
 
 
280 
ID Al Ca Fe K Mg Na Si Ti 
T18 5.5E-02 8.6E-02 1.8E-02 2.6E-02 8.3E-05 1.1E-02 3.0E-01 2.0E-03 
T18 5.6E-02 8.7E-02 3.3E-02 2.4E-02 5.9E-03 1.1E-02 3.0E-01 2.1E-03 
T18 7.4E-02 9.7E-02 1.8E-02 2.4E-02 6.4E-03 1.2E-02 3.1E-01 2.1E-03 
T18 6.2E-02 8.9E-02 2.0E-02 2.4E-02 6.5E-03 1.1E-02 3.2E-01 2.3E-03 
T18 5.9E-02 8.4E-02 2.7E-02 2.3E-02 6.7E-03 1.1E-02 3.3E-01 2.0E-03 
T18 4.9E-02 7.2E-02 1.5E-02 2.7E-02 5.0E-03 8.3E-03 3.4E-01 1.7E-03 
T18 7.4E-02 9.4E-02 1.8E-02 2.4E-02 5.9E-03 1.2E-02 3.1E-01 2.0E-03 
T18 6.8E-02 9.7E-02 1.9E-02 2.3E-02 6.2E-03 1.2E-02 3.1E-01 2.2E-03 
T18 6.4E-02 8.8E-02 2.3E-02 2.3E-02 6.8E-03 1.2E-02 3.3E-01 2.4E-03 
T18 7.0E-02 1.0E-01 2.5E-02 2.4E-02 6.7E-03 1.2E-02 3.1E-01 2.4E-03 
T18 6.3E-02 9.2E-02 1.8E-02 2.5E-02 6.7E-03 1.1E-02 3.2E-01 2.1E-03 
T18 8.0E-02 1.1E-01 2.6E-02 2.0E-02 8.8E-03 1.2E-02 2.8E-01 3.4E-03 
T18 7.3E-02 1.0E-01 2.1E-02 2.3E-02 6.8E-03 1.2E-02 3.0E-01 2.6E-03 
T18 6.4E-02 9.1E-02 1.9E-02 2.4E-02 6.4E-03 1.2E-02 3.2E-01 2.1E-03 
T18 6.6E-02 9.9E-02 2.1E-02 2.4E-02 6.3E-03 1.2E-02 3.2E-01 2.2E-03 
T18 6.4E-02 1.0E-01 2.4E-02 2.4E-02 6.7E-03 1.2E-02 3.1E-01 2.2E-03 
T18 6.2E-02 9.7E-02 2.1E-02 2.5E-02 6.5E-03 1.1E-02 3.2E-01 2.0E-03 
T18 6.2E-02 9.1E-02 2.1E-02 2.6E-02 6.3E-03 1.1E-02 3.2E-01 2.1E-03 
T18 2.7E-02 3.4E-02 2.1E-02 2.0E-02 4.6E-03 7.7E-03 3.8E-01 1.3E-03 
T18 6.4E-02 9.5E-02 2.6E-02 2.4E-02 6.6E-03 1.1E-02 3.2E-01 2.3E-03 
T18 6.4E-02 9.2E-02 2.0E-02 2.4E-02 6.8E-03 1.1E-02 3.2E-01 2.4E-03 
T18 6.3E-02 9.1E-02 2.6E-02 2.3E-02 6.7E-03 1.2E-02 3.2E-01 2.2E-03 
T19 5.2E-02 1.6E-01 2.0E-02 1.7E-02 5.2E-03 7.8E-03 2.7E-01 2.3E-03 
T19 4.9E-02 1.4E-01 1.8E-02 1.7E-02 4.7E-03 8.2E-03 2.9E-01 2.1E-03 
T19 5.0E-02 1.7E-01 1.6E-02 5.5E-03 5.1E-03 6.1E-03 2.7E-01 2.6E-03 
T19 6.0E-02 9.1E-02 1.6E-02 2.3E-02 5.1E-03 1.3E-02 3.0E-01 2.5E-03 
T19 5.0E-02 1.3E-01 1.8E-02 1.8E-02 5.0E-03 9.2E-03 3.0E-01 2.5E-03 
T19 4.8E-02 1.7E-01 1.7E-02 7.1E-03 4.9E-03 7.4E-03 2.7E-01 1.7E-03 
T19 1.0E-02 1.1E-02 4.4E-03 1.1E-02 1.7E-03 7.0E-03 4.2E-01 1.3E-04 
T19 5.9E-02 8.1E-02 2.2E-02 2.7E-02 5.9E-03 1.2E-02 3.0E-01 2.9E-03 
T19 8.8E-02 1.4E-01 2.4E-02 1.1E-02 9.5E-03 1.1E-02 2.6E-01 3.4E-03 
T19 6.4E-02 6.5E-02 1.6E-02 2.6E-02 5.8E-03 1.7E-02 3.1E-01 2.3E-03 
T19 6.4E-02 8.1E-02 1.9E-02 2.3E-02 6.3E-03 1.4E-02 3.2E-01 2.4E-03 
T19 6.4E-02 7.8E-02 2.0E-02 2.4E-02 6.4E-03 1.6E-02 3.2E-01 2.4E-03 
T19 6.6E-02 8.1E-02 2.1E-02 2.3E-02 6.7E-03 1.6E-02 3.2E-01 2.8E-03 
T19 6.3E-02 7.9E-02 1.9E-02 2.4E-02 5.9E-03 1.4E-02 3.2E-01 2.3E-03 
T19 6.8E-02 8.1E-02 2.0E-02 2.3E-02 6.6E-03 1.5E-02 3.1E-01 2.7E-03 
T19 5.8E-02 7.0E-02 1.9E-02 2.4E-02 6.1E-03 1.5E-02 3.3E-01 2.3E-03 
T19 6.2E-02 8.1E-02 2.1E-02 2.3E-02 6.6E-03 1.6E-02 3.2E-01 2.5E-03 
 
 
281 
ID Al Ca Fe K Mg Na Si Ti 
T19 6.5E-02 8.4E-02 1.9E-02 2.7E-02 6.5E-03 1.7E-02 3.1E-01 2.6E-03 
T19 6.2E-02 7.3E-02 1.9E-02 2.5E-02 6.0E-03 1.6E-02 3.2E-01 2.6E-03 
T19 5.4E-02 6.6E-02 1.9E-02 2.4E-02 5.9E-03 1.5E-02 3.4E-01 2.4E-03 
T19 6.1E-02 7.3E-02 2.0E-02 2.4E-02 6.4E-03 1.6E-02 3.3E-01 2.2E-03 
T19 3.0E-02 3.9E-02 1.4E-02 2.1E-02 4.4E-03 1.1E-02 3.9E-01 8.6E-04 
T19 6.6E-02 8.9E-02 2.1E-02 2.2E-02 7.4E-03 1.6E-02 3.1E-01 2.7E-03 
T19 5.2E-02 1.7E-01 2.0E-02 1.4E-02 4.1E-03 1.3E-02 2.7E-01 2.3E-03 
T19 5.6E-02 7.0E-02 1.8E-02 2.4E-02 6.2E-03 1.5E-02 3.4E-01 2.2E-03 
T19 6.4E-02 7.5E-02 1.9E-02 2.5E-02 6.3E-03 1.6E-02 3.2E-01 2.5E-03 
T19 6.4E-02 7.8E-02 2.0E-02 2.4E-02 7.3E-03 1.6E-02 3.2E-01 2.9E-03 
T19 6.8E-02 7.4E-02 1.9E-02 2.4E-02 6.5E-03 1.6E-02 3.2E-01 2.5E-03 
T19 6.1E-02 1.2E-01 2.3E-02 2.4E-02 6.5E-03 1.3E-02 3.1E-01 1.9E-03 
T19 5.3E-02 1.7E-01 1.7E-02 1.1E-02 3.0E-03 7.9E-03 2.9E-01 1.7E-03 
T19 5.4E-02 1.7E-01 1.8E-02 1.0E-02 5.7E-03 8.3E-03 2.9E-01 1.8E-03 
T19 6.1E-02 8.9E-02 1.6E-02 2.3E-02 5.5E-03 1.4E-02 3.2E-01 2.1E-03 
T19 6.6E-02 7.5E-02 1.8E-02 2.5E-02 6.3E-03 1.6E-02 3.1E-01 2.6E-03 
T19 6.2E-02 7.5E-02 2.1E-02 2.2E-02 6.8E-03 1.5E-02 3.3E-01 2.7E-03 
T19 6.1E-02 7.8E-02 2.0E-02 2.2E-02 6.3E-03 1.5E-02 3.2E-01 2.7E-03 
T19 6.4E-02 8.0E-02 2.0E-02 2.3E-02 6.7E-03 1.5E-02 3.2E-01 2.8E-03 
T19 6.4E-02 7.9E-02 2.0E-02 2.4E-02 6.3E-03 1.5E-02 3.2E-01 2.6E-03 
T19 6.1E-02 7.6E-02 1.9E-02 2.5E-02 6.2E-03 1.5E-02 3.3E-01 2.4E-03 
T19 6.1E-02 7.5E-02 2.0E-02 2.4E-02 6.5E-03 1.5E-02 3.4E-01 2.4E-03 
T19 6.8E-02 7.8E-02 1.9E-02 2.5E-02 6.9E-03 1.5E-02 3.2E-01 2.6E-03 
T19 3.8E-02 4.2E-02 1.2E-02 2.3E-02 4.4E-03 7.6E-03 3.9E-01 1.6E-03 
T19 3.9E-02 4.4E-02 1.1E-02 2.9E-02 1.1E-03 8.2E-03 3.8E-01 1.3E-03 
T19 8.8E-03 1.4E-02 5.9E-03 8.2E-03 2.8E-03 5.4E-03 4.6E-01 3.5E-04 
T19 6.2E-02 7.6E-02 2.0E-02 2.5E-02 6.7E-03 1.5E-02 3.3E-01 2.6E-03 
T19 6.7E-02 8.1E-02 2.1E-02 2.3E-02 7.2E-03 1.5E-02 3.2E-01 2.5E-03 
T19 6.8E-02 7.9E-02 2.1E-02 2.4E-02 7.3E-03 1.6E-02 3.2E-01 2.8E-03 
T19 6.9E-02 8.0E-02 2.0E-02 2.5E-02 7.3E-03 1.6E-02 3.2E-01 3.0E-03 
T19 6.2E-02 7.3E-02 1.8E-02 2.5E-02 7.2E-03 1.7E-02 3.1E-01 2.8E-03 
T19 2.5E-02 2.8E-02 8.6E-03 2.0E-02 3.6E-03 9.8E-03 4.1E-01 9.4E-04 
T19 6.6E-02 8.9E-02 2.2E-02 2.3E-02 7.5E-03 1.5E-02 3.2E-01 2.5E-03 
T19 6.5E-02 8.0E-02 2.1E-02 2.4E-02 6.9E-03 1.5E-02 3.2E-01 2.7E-03 
T19 6.5E-02 7.8E-02 2.1E-02 2.4E-02 7.2E-03 1.6E-02 3.3E-01 2.7E-03 
T19 6.4E-02 7.5E-02 2.0E-02 2.5E-02 6.7E-03 1.6E-02 3.3E-01 2.7E-03 
T19 3.9E-02 3.7E-02 8.9E-03 2.6E-02 4.2E-03 1.4E-02 3.9E-01 1.2E-03 
T19 8.3E-05 0.0E+00 2.3E-04 1.3E-03 2.1E-06 9.9E-04 4.5E-01 0.0E+00 
T19 6.4E-02 7.8E-02 1.9E-02 2.3E-02 7.1E-03 1.6E-02 3.3E-01 2.5E-03 
 
 
282 
ID Al Ca Fe K Mg Na Si Ti 
T19 5.4E-02 6.7E-02 1.9E-02 2.4E-02 6.3E-03 1.5E-02 3.4E-01 2.3E-03 
T19 6.5E-02 7.4E-02 1.9E-02 2.4E-02 6.8E-03 1.6E-02 3.2E-01 2.5E-03 
T19 5.4E-02 6.4E-02 1.7E-02 2.5E-02 6.1E-03 1.5E-02 3.4E-01 2.4E-03 
T19 7.1E-02 9.0E-02 2.0E-02 2.2E-02 7.4E-03 1.6E-02 3.1E-01 3.0E-03 
T19 6.7E-02 7.9E-02 2.0E-02 2.2E-02 7.5E-03 1.6E-02 3.3E-01 2.3E-03 
T19 5.8E-02 6.9E-02 1.7E-02 2.3E-02 6.6E-03 1.6E-02 3.4E-01 2.1E-03 
T19 6.2E-02 8.0E-02 2.1E-02 2.4E-02 6.9E-03 1.6E-02 3.3E-01 2.5E-03 
T19 6.2E-03 1.4E-02 5.9E-03 8.1E-03 3.9E-04 5.2E-03 4.5E-01 5.5E-04 
T19 5.0E-02 6.0E-02 1.7E-02 2.4E-02 5.6E-03 1.6E-02 3.6E-01 1.9E-03 
T19 6.0E-02 7.4E-02 1.9E-02 2.2E-02 6.3E-03 1.6E-02 3.3E-01 2.4E-03 
T19 5.5E-02 7.1E-02 1.8E-02 2.4E-02 6.1E-03 1.5E-02 3.4E-01 2.1E-03 
T19 6.7E-02 8.3E-02 1.9E-02 2.3E-02 7.2E-03 1.6E-02 3.2E-01 2.8E-03 
T19 6.1E-02 7.1E-02 1.7E-02 2.6E-02 6.1E-03 1.5E-02 3.4E-01 2.4E-03 
T19 6.7E-02 8.1E-02 2.1E-02 2.4E-02 7.0E-03 1.6E-02 3.2E-01 3.0E-03 
T19 7.1E-02 8.8E-02 2.0E-02 2.3E-02 7.5E-03 1.6E-02 3.2E-01 2.7E-03 
T19 7.3E-02 9.0E-02 2.0E-02 2.3E-02 7.2E-03 1.6E-02 3.1E-01 2.6E-03 
T19 5.5E-02 7.0E-02 1.8E-02 2.5E-02 6.0E-03 1.6E-02 3.4E-01 2.2E-03 
T19 7.1E-02 7.9E-02 1.9E-02 2.4E-02 7.0E-03 1.7E-02 3.2E-01 2.3E-03 
T19 7.1E-02 7.9E-02 1.9E-02 2.5E-02 7.1E-03 1.7E-02 3.2E-01 2.9E-03 
T19 3.3E-02 2.2E-02 7.3E-03 2.3E-02 3.1E-03 1.1E-02 4.1E-01 9.0E-04 
T19 6.8E-02 7.9E-02 2.0E-02 2.4E-02 7.1E-03 1.6E-02 3.2E-01 2.7E-03 
T19 6.3E-02 7.8E-02 1.9E-02 2.3E-02 6.3E-03 1.4E-02 3.1E-01 2.3E-03 
T19 6.4E-02 7.4E-02 1.8E-02 2.5E-02 6.6E-03 1.6E-02 3.3E-01 2.7E-03 
T19 6.6E-02 7.8E-02 1.9E-02 2.5E-02 6.5E-03 1.6E-02 3.2E-01 2.8E-03 
T19 6.9E-02 7.1E-02 1.7E-02 2.6E-02 6.3E-03 1.7E-02 3.3E-01 2.4E-03 
T19 7.3E-02 8.3E-02 1.8E-02 2.4E-02 7.1E-03 1.7E-02 3.2E-01 2.8E-03 
T19 6.1E-02 8.1E-02 1.9E-02 2.2E-02 6.9E-03 1.5E-02 3.2E-01 2.8E-03 
T19 3.1E-03 2.4E-04 4.0E-04 2.8E-03 9.5E-04 2.0E-03 4.8E-01 0.0E+00 
T19 6.9E-02 8.0E-02 2.0E-02 2.4E-02 7.5E-03 1.6E-02 3.2E-01 2.9E-03 
T19 7.3E-02 7.7E-02 1.9E-02 2.6E-02 6.7E-03 1.6E-02 3.2E-01 2.5E-03 
T19 7.1E-02 8.6E-02 1.9E-02 2.3E-02 7.1E-03 1.6E-02 3.2E-01 2.8E-03 
T19 7.4E-02 8.0E-02 1.8E-02 2.4E-02 6.8E-03 1.7E-02 3.2E-01 2.6E-03 
T19 2.1E-02 1.4E-02 4.3E-03 2.0E-02 6.1E-05 9.5E-03 4.3E-01 8.4E-04 
T19 7.6E-02 8.4E-02 1.9E-02 2.4E-02 6.9E-03 1.7E-02 3.1E-01 2.9E-03 
T19 7.1E-02 8.8E-02 1.9E-02 2.3E-02 7.2E-03 1.6E-02 2.9E-01 2.9E-03 
T19 7.0E-02 9.1E-02 2.0E-02 2.3E-02 7.0E-03 1.6E-02 2.9E-01 3.3E-03 
T19 1.9E-02 2.7E-02 1.0E-02 1.7E-02 1.4E-03 6.8E-03 4.0E-01 6.9E-04 
T19 7.3E-03 1.3E-02 4.3E-03 7.1E-03 1.9E-03 6.5E-03 4.2E-01 5.4E-04 
T19 5.7E-02 7.1E-02 1.7E-02 2.3E-02 5.6E-03 1.7E-02 3.0E-01 2.7E-03 
 
 
283 
ID Al Ca Fe K Mg Na Si Ti 
T19 7.4E-02 9.2E-02 2.1E-02 2.2E-02 7.3E-03 1.6E-02 2.8E-01 3.6E-03 
T19 5.3E-02 6.1E-02 1.4E-02 2.3E-02 4.9E-03 1.6E-02 3.2E-01 2.2E-03 
T19 5.4E-02 6.3E-02 1.7E-02 2.5E-02 5.5E-03 1.7E-02 3.2E-01 2.0E-03 
T19 5.8E-02 6.1E-02 1.2E-02 2.6E-02 4.8E-03 1.6E-02 3.2E-01 2.2E-03 
T19 3.8E-03 3.7E-03 1.3E-03 4.3E-03 2.5E-04 1.6E-03 4.8E-01 1.4E-04 
T19 3.9E-02 3.7E-02 9.6E-03 2.5E-02 3.4E-03 1.3E-02 3.6E-01 9.0E-04 
T19 6.8E-02 8.7E-02 1.7E-02 2.4E-02 6.2E-03 1.6E-02 2.9E-01 3.1E-03 
T19 7.7E-02 8.9E-02 1.8E-02 2.3E-02 6.9E-03 1.7E-02 2.8E-01 3.2E-03 
T19 6.0E-02 6.3E-02 1.6E-02 2.6E-02 5.2E-03 1.7E-02 3.2E-01 2.5E-03 
T19 6.5E-02 7.2E-02 1.7E-02 2.6E-02 5.8E-03 1.6E-02 3.0E-01 2.6E-03 
T19 6.4E-02 6.3E-02 1.2E-02 3.2E-02 4.9E-03 1.7E-02 3.2E-01 2.3E-03 
T19 6.8E-02 7.6E-02 1.6E-02 2.7E-02 5.9E-03 1.7E-02 3.0E-01 2.6E-03 
T19 6.2E-02 7.1E-02 1.8E-02 3.2E-02 1.3E-04 1.6E-02 3.0E-01 2.7E-03 
T19 5.1E-02 7.5E-02 2.9E-02 2.8E-02 5.2E-03 1.5E-02 3.1E-01 2.1E-03 
T19 9.7E-03 1.2E-02 5.0E-03 7.9E-03 1.7E-03 6.4E-03 4.2E-01 4.6E-04 
T19 6.0E-02 6.5E-02 1.4E-02 2.5E-02 5.5E-03 1.8E-02 3.2E-01 2.7E-03 
T19 5.6E-02 5.3E-02 1.3E-02 2.7E-02 4.9E-03 1.7E-02 3.3E-01 2.2E-03 
T19 5.9E-02 7.4E-02 1.9E-02 2.6E-02 6.4E-03 1.7E-02 3.1E-01 2.5E-03 
T19 6.6E-02 7.4E-02 1.8E-02 2.4E-02 6.2E-03 1.6E-02 3.2E-01 2.2E-03 
T19 6.4E-02 7.2E-02 1.8E-02 2.4E-02 6.2E-03 1.6E-02 3.2E-01 2.3E-03 
T19 5.9E-02 6.5E-02 1.8E-02 2.4E-02 6.2E-03 1.7E-02 3.3E-01 2.2E-03 
T19 6.8E-02 7.1E-02 1.7E-02 2.5E-02 6.0E-03 1.6E-02 3.2E-01 2.5E-03 
T19 6.4E-02 7.1E-02 1.7E-02 2.5E-02 6.2E-03 1.7E-02 3.2E-01 2.3E-03 
T19 6.3E-02 7.0E-02 1.7E-02 2.5E-02 6.2E-03 1.7E-02 3.3E-01 2.3E-03 
T19 7.1E-02 8.5E-02 2.0E-02 2.4E-02 6.9E-03 1.6E-02 3.0E-01 2.8E-03 
T19 5.0E-02 5.0E-02 1.3E-02 2.7E-02 4.8E-03 1.5E-02 3.6E-01 1.7E-03 
T19 5.1E-02 5.7E-02 1.4E-02 2.6E-02 5.0E-03 1.5E-02 3.4E-01 1.9E-03 
T19 3.7E-02 7.9E-02 2.0E-02 3.2E-02 1.6E-03 2.5E-03 3.6E-01 2.7E-03 
T19 6.6E-02 7.6E-02 1.6E-02 2.3E-02 5.8E-03 1.6E-02 3.2E-01 2.6E-03 
T19 6.8E-02 9.1E-02 1.9E-02 2.2E-02 7.0E-03 1.6E-02 3.1E-01 2.8E-03 
T19 4.9E-02 6.2E-02 1.7E-02 2.4E-02 5.8E-03 1.4E-02 3.4E-01 2.2E-03 
T19 3.8E-02 4.8E-02 1.4E-02 2.6E-02 4.8E-03 1.5E-02 3.5E-01 1.5E-03 
WS1 7.8E-02 6.8E-02 2.7E-02 1.5E-02 6.3E-03 4.3E-03 3.0E-01 2.4E-03 
WS1 8.7E-02 7.1E-02 2.4E-02 1.3E-02 6.8E-03 4.9E-03 3.0E-01 2.6E-03 
WS1 8.8E-02 7.9E-02 2.5E-02 1.2E-02 6.6E-03 4.5E-03 2.9E-01 3.3E-03 
WS1 9.1E-02 7.7E-02 2.0E-02 1.1E-02 6.5E-03 4.5E-03 2.8E-01 2.9E-03 
WS1 9.2E-02 7.5E-02 1.8E-02 1.1E-02 6.6E-03 5.0E-03 2.9E-01 3.3E-03 
WS1 9.3E-02 7.4E-02 2.0E-02 1.0E-02 6.8E-03 4.8E-03 2.9E-01 3.1E-03 
WS1 8.9E-02 7.5E-02 2.2E-02 1.3E-02 6.3E-03 4.8E-03 2.9E-01 2.9E-03 
 
 
284 
ID Al Ca Fe K Mg Na Si Ti 
WS1 9.3E-02 7.2E-02 1.9E-02 1.1E-02 7.0E-03 4.9E-03 3.0E-01 2.6E-03 
WS1 9.1E-02 7.2E-02 1.9E-02 1.0E-02 6.3E-03 4.7E-03 2.9E-01 2.7E-03 
WS1 9.1E-02 7.3E-02 1.9E-02 1.0E-02 6.7E-03 4.7E-03 2.9E-01 3.0E-03 
WS1 9.2E-02 7.2E-02 1.8E-02 1.0E-02 6.8E-03 4.6E-03 2.9E-01 3.0E-03 
WS1 8.8E-02 7.3E-02 2.5E-02 1.2E-02 6.7E-03 5.0E-03 2.9E-01 2.9E-03 
WS1 9.0E-02 7.2E-02 2.0E-02 1.2E-02 6.4E-03 5.1E-03 2.9E-01 2.8E-03 
WS1 9.0E-02 7.3E-02 2.0E-02 1.0E-02 6.5E-03 4.4E-03 2.9E-01 2.8E-03 
WS1 8.9E-02 7.5E-02 1.9E-02 1.0E-02 6.4E-03 4.5E-03 2.9E-01 2.9E-03 
WS1 9.0E-02 7.5E-02 2.2E-02 1.2E-02 6.3E-03 5.1E-03 2.9E-01 2.8E-03 
WS1 9.2E-02 7.3E-02 2.0E-02 1.0E-02 6.4E-03 4.8E-03 2.9E-01 2.7E-03 
WS1 9.2E-02 7.2E-02 1.9E-02 9.6E-03 6.6E-03 4.5E-03 3.0E-01 3.0E-03 
WS1 9.0E-02 7.4E-02 1.9E-02 1.2E-02 6.5E-03 5.0E-03 2.9E-01 2.7E-03 
WS1 9.5E-02 7.2E-02 1.9E-02 9.5E-03 7.3E-03 5.2E-03 3.0E-01 2.9E-03 
WS1 6.8E-02 5.8E-02 2.1E-02 1.4E-02 3.6E-03 4.8E-03 3.3E-01 2.1E-03 
WS1 8.9E-02 8.2E-02 2.5E-02 1.1E-02 7.7E-03 4.5E-03 3.1E-01 3.1E-03 
WS1 8.9E-04 2.0E-04 4.8E-04 4.9E-04 2.6E-06 5.1E-04 4.8E-01 4.8E-05 
WS1 8.7E-02 7.4E-02 2.5E-02 1.2E-02 4.7E-03 4.5E-03 3.0E-01 2.6E-03 
WS1 8.7E-02 7.6E-02 2.6E-02 1.1E-02 4.8E-03 4.4E-03 3.0E-01 2.6E-03 
WS1 9.2E-02 7.6E-02 2.0E-02 1.1E-02 6.7E-03 4.3E-03 3.0E-01 2.7E-03 
WS1 7.4E-02 7.0E-02 2.9E-02 1.3E-02 4.4E-03 4.2E-03 3.0E-01 2.7E-03 
WS1 9.0E-02 7.4E-02 2.5E-02 1.2E-02 7.2E-03 4.5E-03 3.1E-01 3.2E-03 
WS1 9.1E-02 7.1E-02 2.4E-02 1.1E-02 7.3E-03 4.9E-03 3.1E-01 2.2E-03 
WS1 9.2E-02 7.3E-02 2.5E-02 1.1E-02 7.5E-03 4.8E-03 3.1E-01 2.8E-03 
WS1 5.8E-02 4.9E-02 2.0E-02 1.5E-02 2.8E-03 3.2E-03 3.6E-01 3.5E-03 
WS1 7.5E-02 6.9E-02 3.0E-02 1.3E-02 4.4E-03 4.2E-03 3.0E-01 2.8E-03 
WS1 9.5E-02 7.4E-02 1.9E-02 1.1E-02 7.1E-03 4.7E-03 3.1E-01 3.1E-03 
WS1 9.4E-02 7.7E-02 2.3E-02 1.2E-02 7.3E-03 4.7E-03 3.1E-01 3.0E-03 
WS1 7.7E-02 7.0E-02 3.0E-02 1.3E-02 4.7E-03 4.8E-03 3.2E-01 2.4E-03 
WS1 7.8E-02 6.7E-02 2.8E-02 1.3E-02 4.6E-03 4.7E-03 3.2E-01 2.7E-03 
WS1 8.1E-02 7.1E-02 2.7E-02 1.3E-02 4.5E-03 4.7E-03 3.2E-01 2.5E-03 
WS1 9.3E-02 7.7E-02 2.6E-02 1.1E-02 7.7E-03 4.6E-03 3.1E-01 2.4E-03 
WS1 9.0E-02 7.8E-02 2.3E-02 1.1E-02 5.0E-03 4.5E-03 3.0E-01 2.9E-03 
WS1 8.2E-02 7.0E-02 3.1E-02 1.4E-02 7.1E-03 5.6E-03 3.2E-01 2.6E-03 
WS1 9.4E-02 7.5E-02 2.3E-02 1.2E-02 7.5E-03 5.5E-03 3.1E-01 2.5E-03 
WS1 9.1E-02 7.2E-02 1.9E-02 1.1E-02 4.7E-03 5.0E-03 3.0E-01 3.0E-03 
WS1 9.7E-02 7.5E-02 2.0E-02 1.1E-02 7.1E-03 5.6E-03 3.1E-01 3.0E-03 
WS1 9.7E-02 7.1E-02 1.8E-02 9.8E-03 7.3E-03 4.7E-03 3.1E-01 2.8E-03 
WS1 9.5E-02 7.4E-02 2.3E-02 1.1E-02 7.2E-03 5.3E-03 3.1E-01 2.9E-03 
WS1 8.9E-02 7.6E-02 2.1E-02 1.2E-02 4.4E-03 4.6E-03 2.9E-01 2.9E-03 
 
 
285 
ID Al Ca Fe K Mg Na Si Ti 
WS1 9.6E-02 7.3E-02 1.9E-02 1.0E-02 7.1E-03 4.9E-03 3.1E-01 2.7E-03 
WS1 8.7E-02 7.6E-02 3.1E-02 1.3E-02 4.8E-03 5.2E-03 3.1E-01 2.7E-03 
WS1 8.9E-02 7.3E-02 2.5E-02 1.2E-02 4.9E-03 4.9E-03 3.1E-01 3.1E-03 
WS1 9.4E-02 7.3E-02 1.9E-02 1.1E-02 7.2E-03 5.2E-03 3.1E-01 2.8E-03 
WS1 8.4E-02 7.7E-02 2.8E-02 1.2E-02 4.4E-03 3.7E-03 2.9E-01 2.7E-03 
WS1 9.8E-02 7.2E-02 1.9E-02 1.0E-02 7.2E-03 4.9E-03 3.1E-01 2.9E-03 
WS1 9.3E-02 7.5E-02 2.1E-02 1.1E-02 4.8E-03 4.5E-03 3.0E-01 2.8E-03 
WS1 8.5E-02 7.5E-02 2.9E-02 1.3E-02 6.9E-03 5.7E-03 3.0E-01 2.3E-03 
WS1 9.5E-02 7.1E-02 1.9E-02 1.1E-02 7.1E-03 5.1E-03 3.0E-01 3.0E-03 
WS1 9.7E-02 7.4E-02 2.0E-02 1.0E-02 7.1E-03 4.9E-03 3.1E-01 3.0E-03 
WS1 9.4E-02 7.4E-02 2.1E-02 9.9E-03 7.3E-03 4.9E-03 3.1E-01 3.0E-03 
WS1 9.5E-02 7.3E-02 2.0E-02 1.0E-02 7.0E-03 5.1E-03 3.1E-01 2.6E-03 
WS1 9.6E-02 7.3E-02 1.9E-02 1.0E-02 7.0E-03 5.0E-03 3.1E-01 2.9E-03 
WS1 9.6E-02 7.5E-02 2.0E-02 9.9E-03 7.1E-03 4.4E-03 3.1E-01 2.8E-03 
WS1 9.0E-02 7.7E-02 2.1E-02 1.1E-02 4.6E-03 3.9E-03 3.0E-01 2.8E-03 
WS1 9.3E-02 7.2E-02 2.0E-02 9.4E-03 4.5E-03 4.6E-03 3.0E-01 2.9E-03 
WS1 9.3E-02 7.4E-02 1.8E-02 1.0E-02 4.7E-03 4.3E-03 3.0E-01 2.9E-03 
WS1 9.3E-02 7.6E-02 2.0E-02 1.0E-02 4.6E-03 4.2E-03 3.0E-01 2.6E-03 
WS1 9.5E-02 7.8E-02 1.9E-02 1.1E-02 4.6E-03 4.1E-03 3.0E-01 2.9E-03 
WS1 9.3E-02 7.6E-02 1.9E-02 1.0E-02 4.7E-03 4.1E-03 3.0E-01 2.6E-03 
WS1 9.1E-02 7.5E-02 1.9E-02 1.0E-02 4.5E-03 3.9E-03 3.0E-01 2.9E-03 
WS1 9.0E-02 7.4E-02 1.9E-02 1.0E-02 4.6E-03 3.7E-03 2.9E-01 3.1E-03 
WS1 9.4E-02 7.4E-02 2.1E-02 1.0E-02 7.3E-03 4.0E-03 3.1E-01 3.1E-03 
WS1 9.5E-02 7.3E-02 1.9E-02 1.0E-02 4.9E-03 3.9E-03 3.1E-01 2.7E-03 
WS1 9.5E-02 7.6E-02 1.8E-02 1.1E-02 7.0E-03 3.8E-03 3.0E-01 2.8E-03 
WS1 9.6E-02 7.4E-02 2.0E-02 1.0E-02 7.2E-03 4.0E-03 3.1E-01 3.0E-03 
WS1 9.2E-02 7.5E-02 1.9E-02 1.1E-02 4.7E-03 3.8E-03 3.0E-01 2.7E-03 
WS1 9.7E-02 7.4E-02 1.9E-02 1.0E-02 7.0E-03 4.2E-03 3.1E-01 3.0E-03 
WS1 9.5E-02 7.5E-02 1.9E-02 1.1E-02 7.1E-03 4.0E-03 3.0E-01 2.9E-03 
WS1 9.6E-02 7.3E-02 1.8E-02 1.0E-02 7.1E-03 4.2E-03 3.1E-01 2.8E-03 
WS1 8.9E-02 7.4E-02 1.9E-02 1.0E-02 4.5E-03 3.6E-03 2.9E-01 2.8E-03 
WS1 9.6E-02 7.3E-02 1.9E-02 1.0E-02 7.1E-03 4.5E-03 3.1E-01 2.9E-03 
WS1 9.2E-02 7.3E-02 2.0E-02 1.0E-02 4.5E-03 4.4E-03 3.0E-01 2.5E-03 
WS1 9.6E-02 7.2E-02 1.9E-02 1.0E-02 7.2E-03 4.1E-03 3.1E-01 2.6E-03 
WS1 9.2E-02 7.5E-02 2.1E-02 1.1E-02 4.5E-03 4.4E-03 3.0E-01 2.8E-03 
WS1 9.7E-02 7.4E-02 1.8E-02 1.1E-02 7.2E-03 4.3E-03 3.1E-01 2.8E-03 
WS1 9.6E-02 7.3E-02 1.9E-02 1.0E-02 7.1E-03 4.2E-03 3.1E-01 2.8E-03 
WS1 9.2E-02 7.6E-02 1.8E-02 1.1E-02 4.5E-03 4.0E-03 3.0E-01 2.9E-03 
WS1 9.2E-02 7.5E-02 2.0E-02 1.1E-02 4.6E-03 4.3E-03 3.0E-01 3.3E-03 
 
 
286 
ID Al Ca Fe K Mg Na Si Ti 
WS1 9.9E-02 7.7E-02 1.9E-02 9.6E-03 7.5E-03 4.2E-03 3.1E-01 2.6E-03 
WS1 9.6E-02 7.5E-02 2.0E-02 1.0E-02 7.1E-03 4.4E-03 3.1E-01 2.9E-03 
WS1 9.7E-02 7.6E-02 1.8E-02 1.0E-02 7.1E-03 4.1E-03 3.1E-01 2.5E-03 
WS1 9.5E-02 7.5E-02 1.9E-02 1.0E-02 6.8E-03 4.2E-03 3.1E-01 2.6E-03 
WS1 9.6E-02 7.4E-02 1.9E-02 1.0E-02 7.2E-03 4.4E-03 3.1E-01 2.9E-03 
WS1 9.3E-02 7.5E-02 2.0E-02 1.0E-02 4.7E-03 3.9E-03 3.0E-01 2.6E-03 
WS1 9.6E-02 7.5E-02 2.0E-02 1.0E-02 7.2E-03 4.2E-03 3.1E-01 3.1E-03 
WS1 9.3E-02 7.6E-02 2.0E-02 1.0E-02 4.7E-03 3.8E-03 3.0E-01 2.6E-03 
WS1 8.9E-02 8.1E-02 2.5E-02 1.0E-02 4.8E-03 3.5E-03 2.8E-01 2.8E-03 
WS1 9.8E-02 7.5E-02 1.9E-02 1.0E-02 7.3E-03 4.6E-03 3.1E-01 2.6E-03 
WS1 9.3E-02 7.7E-02 1.8E-02 1.0E-02 4.7E-03 3.9E-03 3.0E-01 2.9E-03 
WS1 9.6E-02 7.6E-02 1.9E-02 1.0E-02 6.9E-03 4.1E-03 3.1E-01 2.6E-03 
WS1 9.7E-02 7.6E-02 1.9E-02 1.0E-02 7.1E-03 4.1E-03 3.1E-01 3.0E-03 
WS1 9.3E-02 7.7E-02 1.9E-02 1.0E-02 4.4E-03 3.7E-03 3.0E-01 2.9E-03 
WS1 9.3E-02 7.3E-02 2.3E-02 1.0E-02 7.5E-03 4.3E-03 3.1E-01 2.5E-03 
WS1 9.7E-02 7.2E-02 1.9E-02 9.6E-03 7.3E-03 4.1E-03 3.1E-01 2.7E-03 
WS1 9.6E-02 7.4E-02 1.8E-02 1.0E-02 7.2E-03 4.0E-03 3.1E-01 2.7E-03 
WS1 9.6E-02 7.5E-02 1.9E-02 1.0E-02 7.3E-03 4.1E-03 3.1E-01 2.7E-03 
WS1 9.7E-02 7.7E-02 2.0E-02 1.0E-02 7.1E-03 4.0E-03 3.0E-01 2.9E-03 
WS1 9.9E-02 7.7E-02 2.0E-02 9.9E-03 7.7E-03 4.4E-03 3.1E-01 2.7E-03 
WS1 9.0E-02 7.6E-02 2.0E-02 1.1E-02 4.6E-03 3.8E-03 3.0E-01 2.8E-03 
WS1 9.3E-02 7.5E-02 2.0E-02 1.0E-02 4.8E-03 4.1E-03 3.1E-01 2.8E-03 
WS1 9.2E-02 7.6E-02 1.9E-02 1.0E-02 4.7E-03 3.8E-03 3.0E-01 2.9E-03 
WS1 9.3E-02 7.6E-02 1.9E-02 1.1E-02 4.6E-03 3.8E-03 3.0E-01 2.9E-03 
WS1 9.2E-02 7.6E-02 1.9E-02 1.1E-02 4.5E-03 3.7E-03 3.0E-01 2.8E-03 
WS1 9.8E-02 7.6E-02 2.2E-02 1.0E-02 7.3E-03 4.2E-03 3.1E-01 2.8E-03 
WS1 9.5E-02 7.9E-02 2.1E-02 1.0E-02 4.9E-03 4.0E-03 3.0E-01 2.9E-03 
WS1 9.7E-02 7.4E-02 1.9E-02 1.0E-02 7.1E-03 4.5E-03 3.1E-01 2.8E-03 
WS1 9.4E-02 7.5E-02 1.9E-02 1.0E-02 4.9E-03 4.2E-03 3.0E-01 3.0E-03 
WS1 8.9E-02 7.6E-02 2.0E-02 1.1E-02 4.6E-03 3.7E-03 2.9E-01 2.7E-03 
WS1 8.8E-02 7.4E-02 2.1E-02 1.0E-02 4.6E-03 4.1E-03 2.9E-01 2.7E-03 
WS1 9.0E-02 7.6E-02 2.2E-02 1.1E-02 4.9E-03 4.3E-03 3.0E-01 2.8E-03 
WS1 5.7E-02 6.4E-02 4.6E-02 2.1E-02 8.2E-03 9.4E-03 3.2E-01 3.1E-03 
WS1 4.5E-02 5.4E-02 4.0E-02 1.9E-02 5.9E-03 5.3E-03 3.4E-01 2.2E-03 
WS1 8.9E-02 7.3E-02 2.2E-02 1.0E-02 6.7E-03 5.4E-03 3.0E-01 3.0E-03 
WS1 9.0E-02 7.1E-02 2.0E-02 1.0E-02 6.9E-03 4.7E-03 2.9E-01 2.7E-03 
WS1 9.3E-02 7.2E-02 2.0E-02 9.9E-03 6.7E-03 4.7E-03 3.0E-01 2.9E-03 
WS1 9.5E-02 7.0E-02 1.8E-02 1.0E-02 7.1E-03 4.7E-03 3.0E-01 3.0E-03 
WS1 9.1E-02 7.1E-02 2.0E-02 1.2E-02 6.6E-03 6.9E-03 3.0E-01 2.5E-03 
 
 
287 
ID Al Ca Fe K Mg Na Si Ti 
WS1 9.1E-02 7.1E-02 1.9E-02 1.1E-02 6.4E-03 6.4E-03 2.9E-01 2.9E-03 
WS1 9.2E-02 7.2E-02 1.8E-02 1.0E-02 6.6E-03 5.5E-03 3.0E-01 2.6E-03 
WS1 9.2E-02 7.2E-02 2.0E-02 1.0E-02 6.7E-03 4.5E-03 3.0E-01 2.9E-03 
WS1 9.2E-02 7.2E-02 1.9E-02 9.7E-03 6.7E-03 4.5E-03 3.0E-01 3.1E-03 
WS1 9.1E-02 7.1E-02 1.8E-02 1.0E-02 6.3E-03 4.6E-03 2.9E-01 2.7E-03 
WS1 9.2E-02 7.1E-02 1.8E-02 1.0E-02 6.6E-03 6.5E-03 2.9E-01 3.2E-03 
WS1 3.7E-02 7.1E-02 6.4E-02 2.5E-02 2.6E-03 3.1E-03 3.1E-01 2.1E-03 
WS1 9.2E-02 6.9E-02 2.0E-02 1.3E-02 6.3E-03 7.7E-03 3.0E-01 2.6E-03 
WS1 4.4E-02 6.6E-02 6.7E-02 2.5E-02 1.7E-03 5.4E-03 3.1E-01 1.8E-03 
WS1 9.0E-02 7.7E-02 2.2E-02 1.1E-02 4.8E-03 4.2E-03 3.0E-01 2.7E-03 
WS1 9.6E-02 7.3E-02 1.9E-02 1.1E-02 7.0E-03 4.3E-03 3.1E-01 2.7E-03 
WS1 9.1E-02 7.6E-02 2.1E-02 1.0E-02 4.7E-03 3.9E-03 3.0E-01 2.9E-03 
WS1 9.6E-02 7.3E-02 1.9E-02 1.0E-02 6.9E-03 4.4E-03 3.1E-01 2.9E-03 
WS1 9.2E-02 7.5E-02 1.9E-02 1.1E-02 4.6E-03 3.8E-03 3.0E-01 3.0E-03 
WS1 9.6E-02 7.4E-02 2.0E-02 1.0E-02 7.2E-03 4.3E-03 3.1E-01 2.7E-03 
WS1 9.0E-02 7.4E-02 2.0E-02 1.0E-02 4.5E-03 3.4E-03 2.9E-01 3.0E-03 
WS1 9.3E-02 7.5E-02 1.9E-02 1.1E-02 4.7E-03 4.3E-03 3.0E-01 3.1E-03 
WS1 9.2E-02 7.4E-02 2.1E-02 1.1E-02 4.7E-03 4.0E-03 3.0E-01 2.9E-03 
WS1 9.6E-02 7.4E-02 2.1E-02 1.1E-02 7.1E-03 4.5E-03 3.1E-01 2.6E-03 
WS1 9.3E-02 7.7E-02 2.1E-02 1.1E-02 4.8E-03 4.0E-03 3.0E-01 2.9E-03 
WS1 9.0E-02 7.4E-02 2.1E-02 1.1E-02 4.5E-03 4.5E-03 3.1E-01 2.5E-03 
WS1 9.5E-02 7.3E-02 2.1E-02 1.1E-02 7.1E-03 4.7E-03 3.1E-01 3.0E-03 
WS1 9.6E-02 7.6E-02 1.9E-02 1.0E-02 7.2E-03 4.5E-03 3.0E-01 3.0E-03 
WS1 9.4E-02 7.2E-02 2.0E-02 1.0E-02 4.9E-03 4.4E-03 3.1E-01 2.7E-03 
WS1 9.0E-02 7.5E-02 1.9E-02 1.0E-02 4.5E-03 4.0E-03 2.9E-01 2.7E-03 
WS1 7.6E-02 5.5E-02 2.9E-02 3.4E-02 2.0E-03 1.1E-02 3.1E-01 1.1E-03 
WS1 9.2E-02 7.6E-02 2.0E-02 1.0E-02 4.7E-03 4.1E-03 3.0E-01 3.0E-03 
WS1 9.3E-02 7.1E-02 2.0E-02 1.1E-02 7.3E-03 4.5E-03 3.1E-01 2.5E-03 
WS1 9.1E-02 7.1E-02 2.2E-02 1.1E-02 7.0E-03 4.6E-03 3.1E-01 2.5E-03 
WS1 9.7E-02 7.7E-02 1.9E-02 1.0E-02 7.2E-03 4.1E-03 3.1E-01 2.8E-03 
WS1 9.7E-02 7.6E-02 1.9E-02 1.0E-02 7.3E-03 4.1E-03 3.1E-01 3.0E-03 
WS1 9.9E-02 7.8E-02 2.0E-02 1.0E-02 7.5E-03 4.3E-03 3.1E-01 2.8E-03 
WS1 8.9E-02 7.7E-02 2.0E-02 1.1E-02 4.7E-03 3.3E-03 2.9E-01 3.0E-03 
WS1 9.6E-02 7.4E-02 1.9E-02 1.1E-02 7.0E-03 4.4E-03 3.1E-01 2.9E-03 
WS1 9.3E-02 7.7E-02 2.0E-02 1.1E-02 4.6E-03 4.0E-03 3.0E-01 2.6E-03 
WS1 9.6E-02 7.8E-02 2.0E-02 1.1E-02 7.1E-03 4.1E-03 3.1E-01 3.1E-03 
WS1 9.3E-02 7.5E-02 1.9E-02 1.1E-02 4.8E-03 4.3E-03 3.1E-01 3.1E-03 
WS1 9.6E-02 7.4E-02 2.1E-02 1.1E-02 7.4E-03 4.4E-03 3.1E-01 2.9E-03 
WS1 8.9E-02 7.5E-02 2.0E-02 1.1E-02 4.6E-03 3.7E-03 3.0E-01 3.0E-03 
 
 
288 
ID Al Ca Fe K Mg Na Si Ti 
WS1 8.7E-02 7.5E-02 2.2E-02 1.1E-02 4.3E-03 3.7E-03 2.9E-01 2.8E-03 
WS1 9.5E-02 7.4E-02 2.0E-02 1.0E-02 7.1E-03 4.3E-03 3.1E-01 2.9E-03 
WS1 9.2E-02 7.6E-02 1.9E-02 1.0E-02 4.6E-03 3.9E-03 3.0E-01 2.7E-03 
WS1 9.7E-02 7.3E-02 1.9E-02 1.0E-02 7.2E-03 4.5E-03 3.1E-01 2.4E-03 
WS1 9.4E-02 7.6E-02 2.0E-02 1.0E-02 4.9E-03 4.3E-03 3.0E-01 2.5E-03 
WS1 9.3E-02 7.4E-02 2.0E-02 1.0E-02 6.9E-03 4.2E-03 3.0E-01 2.9E-03 
WS1 9.4E-02 7.4E-02 2.0E-02 1.0E-02 7.1E-03 4.6E-03 3.0E-01 2.8E-03 
WS1 9.4E-02 7.5E-02 1.9E-02 1.0E-02 4.8E-03 4.1E-03 3.1E-01 2.7E-03 
WS1 9.6E-02 7.3E-02 1.9E-02 1.0E-02 7.3E-03 4.2E-03 3.1E-01 2.6E-03 
WS1 9.7E-02 7.3E-02 1.9E-02 9.9E-03 7.3E-03 4.5E-03 3.1E-01 2.4E-03 
WS1 9.5E-02 7.5E-02 1.9E-02 1.1E-02 7.0E-03 4.4E-03 3.0E-01 2.6E-03 
WS1 9.3E-02 7.4E-02 1.8E-02 1.0E-02 4.9E-03 4.0E-03 3.0E-01 2.9E-03 
WS1 9.9E-02 7.6E-02 1.9E-02 1.0E-02 7.4E-03 4.5E-03 3.1E-01 2.8E-03 
WS1 9.4E-02 7.4E-02 2.1E-02 1.0E-02 7.1E-03 4.3E-03 3.1E-01 2.8E-03 
WS1 9.0E-02 7.7E-02 1.9E-02 1.1E-02 4.5E-03 4.2E-03 2.9E-01 3.3E-03 
WS1 9.2E-02 7.5E-02 1.9E-02 1.1E-02 4.9E-03 4.0E-03 3.0E-01 3.0E-03 
WS1 9.7E-02 7.6E-02 2.0E-02 1.0E-02 7.3E-03 4.4E-03 3.1E-01 2.8E-03 
WS1 9.4E-02 7.6E-02 2.3E-02 1.0E-02 7.1E-03 4.4E-03 3.0E-01 2.7E-03 
WS1 9.8E-02 7.5E-02 2.0E-02 9.8E-03 7.2E-03 4.4E-03 3.1E-01 2.8E-03 
WS1 9.2E-02 7.5E-02 2.1E-02 1.0E-02 4.7E-03 4.1E-03 3.0E-01 2.2E-03 
WS1 9.1E-02 7.5E-02 2.2E-02 1.0E-02 4.8E-03 4.4E-03 3.1E-01 3.1E-03 
WS1 8.4E-02 7.4E-02 2.3E-02 1.1E-02 4.4E-03 3.9E-03 2.9E-01 2.5E-03 
WS1 9.4E-02 7.1E-02 1.8E-02 1.2E-02 6.8E-03 7.1E-03 3.0E-01 2.6E-03 
WS1 8.9E-02 7.7E-02 1.9E-02 1.0E-02 4.4E-03 3.9E-03 2.9E-01 3.3E-03 
WS1 9.2E-02 7.5E-02 1.9E-02 1.0E-02 4.5E-03 5.7E-03 3.0E-01 2.8E-03 
WS1 9.2E-02 7.5E-02 1.8E-02 1.0E-02 4.5E-03 3.9E-03 3.0E-01 3.0E-03 
WS1 9.1E-02 7.2E-02 1.9E-02 1.1E-02 4.5E-03 6.3E-03 3.0E-01 3.0E-03 
WS1 9.6E-02 7.4E-02 1.8E-02 1.1E-02 7.1E-03 4.4E-03 3.1E-01 2.9E-03 
WS1 9.4E-02 7.2E-02 1.9E-02 1.0E-02 4.9E-03 4.6E-03 3.1E-01 3.1E-03 
WS1 9.7E-02 7.3E-02 1.9E-02 9.7E-03 7.4E-03 4.3E-03 3.1E-01 2.8E-03 
WS1 9.3E-02 7.6E-02 2.0E-02 1.1E-02 4.9E-03 4.3E-03 3.1E-01 3.0E-03 
WS1 9.4E-02 7.6E-02 1.9E-02 1.1E-02 4.6E-03 3.9E-03 3.0E-01 3.0E-03 
WS1 9.4E-02 7.6E-02 2.0E-02 1.0E-02 4.6E-03 4.3E-03 3.0E-01 2.6E-03 
WS1 9.0E-02 7.4E-02 2.1E-02 1.1E-02 4.6E-03 4.3E-03 3.0E-01 2.9E-03 
WS1 9.3E-02 7.4E-02 2.1E-02 1.1E-02 6.9E-03 5.0E-03 3.0E-01 2.8E-03 
WS1 9.2E-02 7.5E-02 2.0E-02 1.0E-02 4.6E-03 4.1E-03 3.0E-01 3.0E-03 
WS1 9.8E-02 7.3E-02 1.8E-02 1.0E-02 7.3E-03 4.5E-03 3.1E-01 2.7E-03 
WS1 9.7E-02 7.2E-02 2.0E-02 1.0E-02 7.2E-03 5.3E-03 3.1E-01 2.9E-03 
WS1 9.0E-02 7.5E-02 1.9E-02 1.0E-02 4.6E-03 3.5E-03 2.9E-01 3.0E-03 
 
 
289 
ID Al Ca Fe K Mg Na Si Ti 
WS1 9.3E-02 7.5E-02 2.1E-02 1.0E-02 4.8E-03 4.2E-03 3.0E-01 2.9E-03 
WS1 6.6E-02 1.2E-01 6.7E-02 9.7E-03 9.6E-03 5.4E-03 2.5E-01 4.5E-03 
WS1 6.9E-02 1.4E-01 5.9E-02 7.6E-03 7.9E-03 6.5E-03 2.5E-01 4.6E-03 
WS1 9.2E-02 7.7E-02 2.0E-02 1.0E-02 4.8E-03 4.0E-03 3.0E-01 2.8E-03 
WS1 9.0E-02 7.4E-02 1.8E-02 1.0E-02 4.5E-03 3.4E-03 2.9E-01 2.7E-03 
WS1 9.6E-02 7.6E-02 1.9E-02 1.0E-02 7.1E-03 4.6E-03 3.1E-01 2.7E-03 
WS1 9.2E-02 7.2E-02 1.9E-02 1.0E-02 6.9E-03 4.3E-03 2.9E-01 3.2E-03 
WS1 8.9E-02 7.4E-02 1.9E-02 1.0E-02 6.8E-03 5.5E-03 2.9E-01 2.5E-03 
WS1 7.6E-02 6.8E-02 4.6E-02 2.3E-02 5.5E-03 9.2E-03 2.9E-01 2.6E-03 
WS1 9.1E-02 7.0E-02 1.8E-02 9.6E-03 6.8E-03 5.1E-03 2.9E-01 2.7E-03 
WS1 6.9E-02 7.7E-02 3.4E-02 1.7E-02 5.4E-03 7.8E-03 3.0E-01 3.2E-03 
WS1 8.0E-02 6.9E-02 2.6E-02 1.6E-02 5.7E-03 8.0E-03 3.0E-01 2.4E-03 
WS2 3.3E-02 1.3E-01 1.6E-02 1.4E-02 2.9E-03 5.0E-03 3.3E-01 3.4E-03 
WS2 3.3E-02 1.4E-01 1.1E-02 7.1E-03 2.5E-03 4.5E-03 3.3E-01 1.2E-03 
WS2 3.3E-02 1.4E-01 1.1E-02 8.0E-03 2.1E-03 4.3E-03 3.3E-01 9.0E-04 
WS2 3.3E-02 1.4E-01 1.1E-02 1.0E-02 2.6E-03 4.5E-03 3.3E-01 1.2E-03 
WS2 3.4E-02 1.4E-01 1.2E-02 9.0E-03 2.6E-03 5.0E-03 3.3E-01 1.1E-03 
WS2 3.2E-02 1.4E-01 9.9E-03 7.1E-03 2.5E-03 3.8E-03 3.3E-01 1.1E-03 
WS2 3.2E-02 1.4E-01 9.9E-03 7.3E-03 2.3E-03 4.0E-03 3.3E-01 1.1E-03 
WS2 3.8E-02 1.4E-01 1.1E-02 8.6E-03 2.5E-03 6.6E-03 3.2E-01 1.3E-03 
WS2 3.4E-02 1.3E-01 1.3E-02 8.8E-03 2.5E-03 4.5E-03 3.3E-01 1.4E-03 
WS2 3.1E-02 1.4E-01 1.0E-02 7.7E-03 2.3E-03 3.3E-03 3.1E-01 1.2E-03 
WS2 3.2E-04 0.0E+00 6.2E-04 3.5E-04 0.0E+00 1.6E-04 4.5E-01 2.5E-05 
WS2 3.2E-02 1.3E-01 1.4E-02 1.2E-02 2.7E-03 5.4E-03 3.3E-01 1.1E-03 
WS2 3.6E-02 1.3E-01 2.0E-02 1.2E-02 3.2E-03 4.5E-03 3.3E-01 2.1E-03 
WS2 6.5E-02 1.4E-01 8.9E-02 1.5E-02 4.6E-03 1.0E-02 2.6E-01 4.8E-03 
WS2 3.6E-02 1.3E-01 1.4E-02 1.3E-02 3.3E-03 5.1E-03 3.2E-01 1.5E-03 
WS2 3.6E-02 1.2E-01 1.5E-02 1.1E-02 3.0E-03 4.4E-03 3.3E-01 2.0E-03 
WS2 3.4E-02 4.8E-02 4.0E-02 3.4E-02 3.4E-03 9.2E-03 3.3E-01 2.2E-03 
WS2 5.3E-02 1.5E-01 3.2E-02 1.5E-02 6.4E-03 1.0E-02 2.8E-01 2.4E-03 
WS2 5.8E-02 8.4E-02 4.6E-02 2.8E-02 6.4E-03 1.5E-02 3.0E-01 3.8E-03 
WS2 6.7E-02 4.8E-02 1.6E-02 2.9E-02 3.1E-03 1.2E-02 3.3E-01 2.1E-03 
WS2 3.7E-02 8.5E-02 3.7E-02 2.9E-02 3.0E-03 6.1E-03 3.3E-01 1.8E-03 
WS2 3.3E-02 1.4E-01 1.2E-02 8.3E-03 2.6E-03 5.9E-03 3.2E-01 1.1E-03 
WS2 3.3E-02 1.3E-01 1.4E-02 1.0E-02 3.0E-03 4.9E-03 3.2E-01 1.1E-03 
WS2 3.7E-02 1.4E-01 3.3E-02 1.7E-02 4.3E-03 6.5E-03 3.1E-01 2.0E-03 
WS2 3.2E-02 1.2E-01 2.8E-02 1.2E-02 3.6E-03 4.1E-03 3.3E-01 1.7E-03 
WS2 6.5E-02 1.1E-01 1.9E-02 1.4E-02 6.0E-03 6.4E-03 3.1E-01 3.1E-03 
WS2 6.2E-02 9.0E-02 4.4E-02 2.1E-02 4.2E-03 9.6E-03 3.0E-01 2.5E-03 
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ID Al Ca Fe K Mg Na Si Ti 
WS2 1.1E-01 1.2E-01 5.2E-02 1.5E-02 9.5E-03 9.2E-03 2.4E-01 3.8E-03 
WS2 5.8E-02 1.1E-01 2.5E-02 1.3E-02 4.3E-03 8.3E-03 3.1E-01 2.5E-03 
WS2 5.9E-02 1.1E-01 3.2E-02 1.8E-02 4.3E-03 8.5E-03 3.0E-01 3.7E-03 
WS2 3.1E-02 1.4E-01 1.0E-02 7.7E-03 2.4E-03 4.8E-03 3.1E-01 1.1E-03 
WS2 3.2E-02 1.4E-01 1.0E-02 8.0E-03 2.4E-03 5.4E-03 3.3E-01 1.3E-03 
WS2 5.9E-02 1.0E-01 2.8E-02 1.9E-02 4.8E-03 8.5E-03 3.0E-01 2.5E-03 
WS2 3.2E-02 1.4E-01 1.0E-02 8.4E-03 2.4E-03 4.1E-03 3.3E-01 1.2E-03 
WS2 3.2E-02 1.4E-01 1.0E-02 7.2E-03 2.4E-03 3.5E-03 3.3E-01 1.5E-03 
WS2 6.8E-02 1.2E-02 2.5E-02 4.7E-02 5.5E-03 5.3E-03 3.4E-01 1.5E-03 
WS2 4.6E-02 1.1E-01 2.2E-02 1.5E-02 4.6E-03 5.1E-03 3.3E-01 2.2E-03 
WS2 3.2E-02 1.4E-01 1.1E-02 8.8E-03 2.5E-03 3.9E-03 3.3E-01 1.3E-03 
WS2 3.2E-02 1.4E-01 1.1E-02 7.0E-03 2.4E-03 3.4E-03 3.2E-01 1.1E-03 
WS2 3.1E-02 1.4E-01 1.0E-02 7.0E-03 2.3E-03 2.6E-03 3.1E-01 1.2E-03 
WS2 6.1E-02 9.9E-02 2.0E-02 1.9E-02 6.1E-03 7.5E-03 3.0E-01 2.8E-03 
WS2 6.2E-02 1.1E-01 1.9E-02 1.4E-02 6.0E-03 6.6E-03 3.0E-01 2.9E-03 
WS2 6.5E-02 1.0E-01 1.8E-02 1.5E-02 8.3E-03 6.6E-03 3.1E-01 3.0E-03 
WS2 4.1E-02 1.0E-01 1.8E-02 1.5E-02 3.6E-03 4.3E-03 3.3E-01 2.5E-03 
WS2 3.3E-02 1.4E-01 1.1E-02 7.2E-03 2.5E-03 4.0E-03 3.3E-01 1.2E-03 
WS2 3.2E-02 1.4E-01 1.1E-02 7.3E-03 2.4E-03 3.1E-03 3.2E-01 1.4E-03 
WS2 6.3E-02 1.1E-01 1.8E-02 1.4E-02 6.0E-03 6.6E-03 3.0E-01 3.4E-03 
WS2 6.3E-02 1.0E-01 1.8E-02 1.4E-02 6.1E-03 6.9E-03 3.1E-01 3.0E-03 
WS2 6.3E-02 1.0E-01 1.8E-02 1.5E-02 6.0E-03 7.4E-03 3.1E-01 3.2E-03 
WS2 6.2E-02 1.1E-01 1.7E-02 1.6E-02 4.7E-03 6.5E-03 3.0E-01 3.2E-03 
WS2 3.3E-02 1.4E-01 1.1E-02 7.4E-03 2.8E-03 3.8E-03 3.3E-01 1.3E-03 
WS2 3.1E-02 1.4E-01 1.1E-02 7.2E-03 2.5E-03 3.5E-03 3.2E-01 1.2E-03 
WS2 6.1E-02 1.1E-01 1.9E-02 1.4E-02 5.9E-03 6.0E-03 3.0E-01 3.0E-03 
WS2 6.3E-02 1.1E-01 1.8E-02 1.5E-02 5.9E-03 7.4E-03 3.1E-01 3.4E-03 
WS2 6.0E-02 1.1E-01 1.9E-02 1.5E-02 5.3E-03 6.1E-03 2.9E-01 2.9E-03 
WS2 3.3E-02 1.4E-01 1.3E-02 7.8E-03 3.0E-03 3.9E-03 3.3E-01 1.1E-03 
WS2 3.8E-02 1.2E-01 1.9E-02 1.2E-02 3.7E-03 4.9E-03 3.2E-01 1.8E-03 
WS2 4.5E-02 1.2E-01 1.5E-02 1.1E-02 3.3E-03 4.9E-03 3.3E-01 1.4E-03 
WS2 3.3E-02 1.4E-01 1.2E-02 7.6E-03 2.7E-03 3.9E-03 3.3E-01 1.4E-03 
WS2 3.2E-02 1.4E-01 1.0E-02 7.0E-03 2.4E-03 3.8E-03 3.3E-01 1.0E-03 
WS2 3.2E-02 1.4E-01 1.1E-02 8.1E-03 2.9E-03 3.5E-03 3.2E-01 1.4E-03 
WS2 3.3E-02 1.4E-01 1.1E-02 7.7E-03 2.4E-03 4.1E-03 3.3E-01 1.4E-03 
WS2 3.2E-02 1.4E-01 1.0E-02 7.6E-03 2.4E-03 3.3E-03 3.2E-01 1.1E-03 
WS2 3.2E-02 1.4E-01 1.1E-02 7.0E-03 2.4E-03 3.2E-03 3.2E-01 8.0E-04 
WS2 5.3E-02 1.4E-01 1.4E-02 9.5E-03 2.7E-03 4.9E-03 3.1E-01 1.9E-03 
WS2 3.5E-02 1.4E-01 1.1E-02 8.4E-03 2.4E-03 4.5E-03 3.1E-01 1.5E-03 
 
 
291 
ID Al Ca Fe K Mg Na Si Ti 
WS2 3.7E-02 1.4E-01 1.1E-02 8.8E-03 2.4E-03 5.1E-03 3.2E-01 8.6E-04 
WS2 4.2E-02 1.3E-01 1.5E-02 1.1E-02 3.0E-03 5.2E-03 3.2E-01 1.9E-03 
WS2 3.3E-02 1.4E-01 1.0E-02 7.2E-03 2.3E-03 3.9E-03 3.3E-01 9.3E-04 
WS2 3.2E-02 1.4E-01 1.0E-02 7.6E-03 2.5E-03 4.1E-03 3.3E-01 1.3E-03 
WS2 5.7E-02 1.1E-01 1.7E-02 2.4E-02 2.9E-03 8.5E-03 3.1E-01 1.5E-03 
WS2 3.9E-02 1.0E-01 1.3E-02 2.2E-02 3.1E-03 6.2E-03 3.3E-01 1.6E-03 
WS2 4.4E-02 1.1E-01 1.4E-02 2.5E-02 3.3E-03 7.3E-03 3.2E-01 1.7E-03 
WS2 3.1E-02 1.8E-01 1.4E-02 5.5E-03 2.9E-03 3.3E-03 3.0E-01 1.4E-03 
WS2 4.1E-02 1.3E-01 1.5E-02 1.4E-02 3.7E-03 5.7E-03 3.1E-01 1.3E-03 
WS2 2.1E-02 6.2E-02 8.5E-03 1.5E-02 1.2E-03 4.5E-03 3.9E-01 7.2E-04 
WS2 3.3E-02 1.4E-01 1.1E-02 7.7E-03 2.7E-03 4.7E-03 3.3E-01 1.3E-03 
WS2 5.7E-02 1.2E-01 1.8E-02 2.5E-02 3.6E-03 9.2E-03 3.0E-01 1.9E-03 
WS2 1.7E-02 4.9E-02 1.1E-02 2.0E-02 1.3E-03 4.2E-03 4.1E-01 5.4E-04 
WS2 4.6E-02 1.2E-01 1.9E-02 2.7E-02 3.8E-03 8.4E-03 3.1E-01 2.1E-03 
WS2 2.4E-02 3.6E-02 8.7E-03 2.2E-02 6.2E-04 3.1E-03 3.9E-01 4.3E-04 
WS2 5.5E-02 1.4E-01 2.3E-02 2.1E-02 5.2E-03 1.0E-02 2.9E-01 2.5E-03 
WS2 7.0E-02 9.7E-02 2.6E-02 1.6E-02 5.3E-03 8.2E-03 3.0E-01 3.0E-03 
WS2 3.8E-02 8.4E-02 2.5E-02 2.3E-02 6.8E-03 8.8E-03 3.4E-01 2.1E-03 
WS2 6.4E-02 5.1E-02 3.5E-02 2.4E-02 4.7E-03 8.9E-03 3.3E-01 4.0E-03 
WS2 9.8E-02 5.9E-02 3.0E-02 2.6E-02 2.5E-03 1.4E-02 2.9E-01 1.5E-03 
WS2 6.7E-02 1.0E-01 2.9E-02 9.0E-03 5.4E-03 3.7E-03 2.9E-01 3.0E-03 
WS2 6.1E-02 1.3E-01 2.5E-02 2.7E-02 5.8E-03 1.3E-02 2.7E-01 3.9E-03 
WS2 5.2E-02 1.0E-01 4.0E-02 2.4E-02 6.6E-03 1.2E-02 2.9E-01 3.9E-03 
WS2 3.9E-02 7.6E-02 2.5E-02 1.6E-02 4.2E-03 7.2E-03 3.3E-01 2.8E-03 
WS2 8.3E-02 4.1E-02 2.3E-02 2.9E-02 2.1E-03 1.1E-02 3.2E-01 2.8E-03 
WS2 7.1E-02 9.6E-02 2.7E-02 1.0E-02 5.6E-03 7.4E-03 3.0E-01 2.7E-03 
WS2 6.7E-02 9.9E-02 2.7E-02 1.4E-02 5.1E-03 5.8E-03 2.9E-01 2.8E-03 
WS2 3.1E-04 1.6E-04 3.1E-04 1.4E-04 0.0E+00 5.1E-05 4.5E-01 0.0E+00 
WS2 7.2E-02 1.0E-01 2.9E-02 9.0E-03 5.8E-03 4.0E-03 3.1E-01 3.2E-03 
WS2 6.9E-02 1.0E-01 2.8E-02 8.9E-03 5.8E-03 3.9E-03 2.9E-01 3.2E-03 
WS2 7.2E-02 1.0E-01 2.9E-02 9.1E-03 6.0E-03 4.5E-03 3.1E-01 2.8E-03 
WS2 7.2E-02 9.9E-02 2.8E-02 9.0E-03 6.0E-03 6.2E-03 3.1E-01 2.7E-03 
WS2 5.6E-02 9.4E-02 4.5E-02 2.2E-02 1.0E-02 1.0E-02 2.9E-01 3.0E-03 
WS2 5.2E-02 7.2E-02 5.0E-02 2.5E-02 4.9E-03 7.3E-03 3.0E-01 2.2E-03 
WS2 6.5E-02 9.4E-02 3.0E-02 2.3E-02 5.1E-03 9.2E-03 3.0E-01 2.9E-03 
WS2 3.2E-02 3.6E-02 4.7E-02 2.3E-02 2.7E-03 2.9E-03 3.7E-01 9.0E-04 
WS2 6.3E-02 7.8E-02 5.1E-02 1.9E-02 6.0E-03 8.2E-03 2.9E-01 3.1E-03 
WS2 6.2E-02 6.8E-02 5.2E-02 2.0E-02 5.9E-03 7.9E-03 3.2E-01 2.7E-03 
WS2 5.0E-02 6.5E-02 5.1E-02 2.3E-02 5.2E-03 6.6E-03 3.1E-01 2.4E-03 
 
 
292 
ID Al Ca Fe K Mg Na Si Ti 
WS2 5.0E-02 1.5E-01 1.5E-02 1.1E-02 3.6E-03 7.7E-03 3.0E-01 1.8E-03 
WS2 4.5E-02 1.1E-01 2.0E-02 2.5E-02 3.8E-03 7.8E-03 3.1E-01 1.8E-03 
WS2 4.5E-02 7.2E-02 5.5E-02 3.5E-02 4.4E-03 1.0E-02 3.1E-01 2.8E-03 
WS2 3.9E-02 1.3E-01 1.9E-02 1.1E-02 3.6E-03 5.3E-03 3.2E-01 1.2E-03 
WS2 3.3E-02 1.3E-01 1.4E-02 1.1E-02 3.2E-03 5.8E-03 3.3E-01 1.4E-03 
WS2 5.8E-02 1.4E-01 2.1E-02 2.1E-02 4.4E-03 7.6E-03 2.8E-01 2.0E-03 
WS2 7.8E-02 1.1E-01 2.4E-02 1.7E-02 4.9E-03 1.0E-02 2.9E-01 2.1E-03 
WS2 6.7E-02 1.0E-01 2.8E-02 1.2E-02 5.5E-03 7.9E-03 3.1E-01 2.8E-03 
WS2 5.0E-02 9.2E-02 3.9E-02 3.1E-02 6.3E-03 1.0E-02 2.9E-01 4.9E-03 
WS2 5.2E-02 1.2E-01 1.8E-02 2.5E-02 3.9E-03 9.1E-03 2.8E-01 2.1E-03 
WS2 6.5E-02 1.0E-01 2.8E-02 1.8E-02 6.3E-03 9.2E-03 3.1E-01 3.1E-03 
WS2 6.8E-02 1.1E-01 3.0E-02 9.5E-03 5.9E-03 6.5E-03 3.1E-01 3.1E-03 
WS2 3.2E-03 2.5E-03 3.7E-03 1.9E-03 1.3E-03 1.1E-03 4.7E-01 2.3E-04 
WS2 6.4E-02 1.1E-01 2.9E-02 1.1E-02 5.6E-03 5.6E-03 3.0E-01 3.3E-03 
WS2 5.3E-02 8.2E-02 4.2E-02 2.1E-02 4.8E-03 6.8E-03 3.0E-01 3.6E-03 
WS2 7.1E-02 1.0E-01 2.8E-02 9.7E-03 5.8E-03 5.3E-03 3.0E-01 3.2E-03 
WS2 7.1E-02 9.8E-02 2.7E-02 9.9E-03 5.9E-03 4.8E-03 3.1E-01 2.6E-03 
WS2 7.0E-02 1.0E-01 2.8E-02 1.0E-02 5.8E-03 4.8E-03 3.0E-01 3.3E-03 
WS2 6.8E-02 9.7E-02 2.7E-02 1.5E-02 5.4E-03 7.6E-03 3.0E-01 3.1E-03 
WS2 6.7E-02 1.0E-01 3.1E-02 9.4E-03 6.2E-03 4.9E-03 3.1E-01 3.5E-03 
WS2 7.1E-02 9.8E-02 3.0E-02 9.9E-03 6.6E-03 4.5E-03 3.1E-01 3.1E-03 
WS2 7.1E-02 1.0E-01 2.9E-02 9.4E-03 5.9E-03 4.2E-03 3.0E-01 2.9E-03 
WS2 7.3E-02 9.7E-02 2.7E-02 9.3E-03 6.0E-03 5.5E-03 3.1E-01 3.0E-03 
WS2 2.0E-03 0.0E+00 1.0E-03 1.3E-03 3.7E-04 1.5E-03 4.5E-01 0.0E+00 
WS2 5.8E-02 1.0E-01 3.7E-02 2.3E-02 5.7E-03 1.2E-02 2.9E-01 2.7E-03 
WS2 3.2E-02 1.4E-01 1.1E-02 7.2E-03 2.5E-03 2.7E-03 3.2E-01 1.4E-03 
WS2 3.2E-02 1.4E-01 1.2E-02 7.5E-03 2.5E-03 3.7E-03 3.2E-01 7.6E-04 
WS2 3.3E-02 1.3E-01 1.2E-02 1.1E-02 2.5E-03 5.5E-03 3.2E-01 1.5E-03 
WS2 6.8E-02 7.4E-02 3.5E-02 3.0E-02 5.5E-03 1.2E-02 2.9E-01 4.9E-03 
WS2 3.2E-02 1.4E-01 1.1E-02 6.9E-03 2.5E-03 3.1E-03 3.3E-01 1.2E-03 
WS2 3.1E-02 1.4E-01 1.1E-02 7.0E-03 2.4E-03 3.2E-03 3.2E-01 1.2E-03 
WS2 5.0E-02 1.2E-01 4.1E-02 2.1E-02 4.3E-03 1.1E-02 2.9E-01 2.1E-03 
WS2 3.3E-02 1.4E-01 1.1E-02 7.1E-03 2.6E-03 3.3E-03 3.3E-01 8.8E-04 
WS2 3.3E-02 1.4E-01 1.2E-02 8.3E-03 2.9E-03 4.0E-03 3.4E-01 1.3E-03 
WS2 3.9E-02 1.4E-01 1.8E-02 9.0E-03 3.8E-03 4.9E-03 3.2E-01 1.2E-03 
WS2 3.7E-02 1.2E-01 1.7E-02 1.2E-02 3.6E-03 5.0E-03 3.3E-01 1.5E-03 
WS2 3.1E-02 1.2E-01 1.9E-02 1.3E-02 3.0E-03 4.0E-03 3.1E-01 2.6E-03 
WS2 3.2E-02 1.4E-01 1.1E-02 7.3E-03 3.0E-03 3.9E-03 3.3E-01 1.1E-03 
WS2 3.4E-02 1.3E-01 1.5E-02 9.9E-03 3.5E-03 4.3E-03 3.3E-01 1.3E-03 
 
 
293 
ID Al Ca Fe K Mg Na Si Ti 
WS2 3.6E-02 1.3E-01 1.4E-02 1.1E-02 2.9E-03 4.8E-03 3.3E-01 1.1E-03 
WS2 3.8E-02 1.2E-01 2.1E-02 1.4E-02 3.1E-03 5.1E-03 3.3E-01 1.8E-03 
WS2 5.3E-02 1.1E-01 1.4E-02 2.6E-02 1.3E-02 1.1E-02 3.0E-01 1.7E-03 
WS2 3.2E-02 1.4E-01 1.1E-02 8.2E-03 2.6E-03 3.8E-03 3.3E-01 1.1E-03 
WS2 3.1E-02 1.4E-01 1.1E-02 8.3E-03 2.5E-03 3.7E-03 3.1E-01 1.4E-03 
WS2 3.4E-02 1.3E-01 1.2E-02 9.7E-03 2.7E-03 4.5E-03 3.2E-01 1.4E-03 
WS2 1.6E-01 1.8E-01 1.8E-02 2.7E-03 3.2E-03 4.1E-03 1.8E-01 2.7E-03 
WS2 1.2E-01 1.5E-01 2.7E-02 1.3E-02 1.1E-02 8.4E-03 2.1E-01 7.0E-03 
WS2 3.9E-02 1.5E-01 2.5E-02 1.6E-02 5.1E-03 7.8E-03 3.0E-01 1.7E-03 
GG2 4.1E-02 3.9E-02 1.4E-02 2.6E-02 4.0E-03 9.4E-03 3.6E-01 2.5E-03 
GG2 5.3E-02 5.9E-02 1.5E-02 3.0E-02 3.8E-03 1.3E-02 3.2E-01 2.0E-03 
GG2 4.7E-02 6.5E-02 1.8E-02 2.5E-02 5.8E-03 1.2E-02 3.4E-01 2.7E-03 
GG2 6.6E-02 8.7E-02 2.5E-02 1.7E-02 1.2E-02 1.4E-02 2.9E-01 4.2E-03 
GG2 5.7E-02 9.8E-02 2.2E-02 2.2E-02 9.6E-03 1.2E-02 3.1E-01 3.5E-03 
GG2 5.2E-02 5.1E-02 1.5E-02 3.1E-02 3.3E-03 1.4E-02 3.2E-01 2.8E-03 
GG2 2.7E-03 5.3E-04 9.0E-04 4.3E-04 4.2E-04 9.1E-04 4.7E-01 8.6E-05 
GG2 7.2E-02 9.6E-02 3.0E-02 2.2E-02 9.4E-03 1.4E-02 2.9E-01 5.0E-03 
GG2 7.4E-02 9.0E-02 2.3E-02 2.1E-02 8.7E-03 1.5E-02 3.0E-01 5.2E-03 
GG2 1.1E-02 3.0E-03 4.3E-03 6.9E-03 1.4E-03 1.2E-03 4.5E-01 5.3E-04 
GG2 2.5E-04 3.2E-04 9.5E-04 2.9E-04 2.4E-05 0.0E+00 4.4E-01 3.1E-04 
GG2 7.3E-03 4.3E-04 8.5E-04 8.8E-04 1.1E-04 1.4E-03 4.6E-01 1.9E-03 
GG2 6.3E-02 6.8E-02 2.8E-02 2.3E-02 1.3E-02 8.4E-03 3.1E-01 1.0E-02 
GG2 7.4E-02 1.2E-01 2.8E-02 2.1E-02 1.0E-02 1.6E-02 2.8E-01 2.7E-03 
GG2 7.1E-02 1.3E-01 3.1E-02 1.8E-02 1.2E-02 9.7E-03 2.7E-01 4.0E-03 
GG2 3.5E-04 3.0E-04 5.9E-04 3.2E-05 0.0E+00 4.3E-04 4.4E-01 0.0E+00 
GG2 5.6E-02 1.1E-01 2.2E-02 1.9E-02 9.2E-03 1.4E-02 2.8E-01 2.9E-03 
GG2 6.6E-02 9.3E-02 2.4E-02 2.2E-02 5.9E-03 1.3E-02 2.8E-01 4.8E-03 
GG2 7.5E-02 8.9E-02 2.4E-02 2.1E-02 1.0E-02 1.6E-02 3.0E-01 5.3E-03 
GG2 7.4E-02 9.8E-02 2.3E-02 2.0E-02 8.2E-03 1.5E-02 2.8E-01 3.9E-03 
GG2 6.5E-02 7.2E-02 1.9E-02 2.7E-02 5.5E-03 1.6E-02 3.0E-01 2.9E-03 
GG2 7.4E-02 1.1E-01 2.5E-02 1.9E-02 8.7E-03 1.4E-02 2.7E-01 3.8E-03 
GG2 7.6E-02 1.0E-01 2.3E-02 2.0E-02 1.0E-02 1.5E-02 2.8E-01 3.6E-03 
GG2 1.9E-02 6.6E-02 1.7E-02 2.1E-02 1.6E-03 3.8E-03 3.8E-01 1.5E-03 
GG2 2.4E-04 8.2E-04 8.2E-04 8.5E-04 1.1E-04 4.5E-04 4.5E-01 0.0E+00 
GG2 7.1E-02 7.4E-02 1.9E-02 2.5E-02 5.4E-03 1.8E-02 3.1E-01 3.1E-03 
GG2 2.7E-03 4.0E-04 2.7E-04 9.2E-04 6.3E-04 1.1E-03 4.7E-01 9.7E-05 
GG2 6.9E-02 8.6E-02 2.1E-02 2.6E-02 6.8E-03 1.4E-02 2.8E-01 3.4E-03 
GG2 1.4E-01 5.3E-03 1.6E-02 2.6E-02 5.2E-03 5.6E-02 2.5E-01 3.2E-04 
GG2 1.5E-01 4.5E-02 2.7E-02 1.8E-02 9.3E-03 3.8E-02 2.3E-01 2.3E-03 
 
 
294 
ID Al Ca Fe K Mg Na Si Ti 
GG2 2.6E-03 1.9E-03 5.0E-04 7.8E-05 1.3E-04 1.1E-03 4.6E-01 4.7E-05 
GG2 2.7E-03 5.6E-04 3.6E-04 1.5E-03 6.4E-04 1.7E-03 4.7E-01 0.0E+00 
GG2 1.1E-01 8.6E-03 3.2E-03 2.6E-02 2.4E-03 6.3E-02 2.9E-01 1.7E-04 
GG2 1.2E-01 3.3E-03 1.4E-03 2.4E-02 1.1E-03 6.0E-02 2.9E-01 0.0E+00 
GG2 1.0E-01 4.0E-03 1.7E-03 2.8E-02 8.7E-04 5.4E-02 3.0E-01 1.4E-04 
GG2 7.3E-02 9.0E-02 2.7E-02 1.4E-02 8.2E-03 2.3E-02 2.8E-01 5.3E-03 
GG2 6.2E-02 6.3E-02 1.7E-02 2.7E-02 4.6E-03 1.6E-02 3.1E-01 3.7E-03 
GG2 8.1E-02 5.1E-02 1.5E-02 2.5E-02 7.9E-03 2.8E-02 2.9E-01 2.6E-03 
GG2 8.2E-02 7.9E-02 3.0E-02 2.1E-02 1.1E-02 2.1E-02 2.8E-01 3.7E-03 
GG2 7.1E-02 5.9E-02 2.5E-02 2.6E-02 6.0E-03 3.0E-02 2.9E-01 3.2E-03 
GG2 7.2E-02 9.9E-02 2.4E-02 2.3E-02 1.0E-02 1.3E-02 2.8E-01 4.1E-03 
GG2 6.4E-02 1.1E-01 7.5E-02 1.5E-02 1.2E-02 1.5E-02 2.6E-01 3.5E-03 
GG2 7.4E-02 8.8E-02 3.4E-02 1.9E-02 1.3E-02 1.8E-02 2.7E-01 5.0E-03 
GG2 2.8E-03 2.5E-05 2.8E-05 3.4E-05 7.5E-05 7.0E-04 4.6E-01 0.0E+00 
GG2 2.6E-03 4.2E-04 1.6E-05 0.0E+00 3.1E-04 1.1E-03 4.5E-01 3.3E-05 
GG2 8.9E-02 5.0E-02 1.4E-02 2.9E-02 6.8E-03 2.9E-02 2.8E-01 2.5E-03 
GG2 6.8E-02 9.7E-02 2.6E-02 2.6E-02 1.0E-02 1.1E-02 2.8E-01 4.0E-03 
GG2 6.6E-02 9.9E-02 6.1E-02 2.2E-02 1.1E-02 1.2E-02 2.7E-01 3.9E-03 
GG2 7.4E-02 9.4E-02 2.4E-02 3.1E-02 1.3E-02 1.1E-02 2.8E-01 4.2E-03 
GG2 8.2E-02 8.9E-02 2.0E-02 3.5E-02 1.1E-02 1.1E-02 2.7E-01 3.7E-03 
GG2 5.9E-02 1.8E-01 1.8E-02 1.1E-02 1.0E-02 1.0E-02 2.4E-01 2.9E-03 
GG2 5.8E-02 1.8E-01 1.8E-02 1.5E-02 6.5E-03 8.7E-03 2.6E-01 2.8E-03 
GG2 5.7E-02 2.1E-01 2.2E-02 8.7E-03 8.0E-03 6.9E-03 2.4E-01 3.1E-03 
GG2 5.2E-02 2.0E-01 1.9E-02 1.3E-02 6.7E-03 8.0E-03 2.5E-01 3.0E-03 
GG2 5.2E-02 2.2E-01 2.1E-02 1.1E-02 5.7E-03 5.3E-03 2.4E-01 3.2E-03 
GG2 5.8E-02 1.8E-01 1.9E-02 1.3E-02 6.1E-03 8.9E-03 2.7E-01 3.4E-03 
GG2 2.0E-03 3.6E-04 5.0E-04 3.2E-04 0.0E+00 2.7E-04 4.4E-01 0.0E+00 
GG2 8.4E-05 5.3E-04 0.0E+00 1.6E-04 4.3E-05 1.5E-04 4.5E-01 0.0E+00 
GG2 4.9E-02 1.6E-01 1.7E-02 1.7E-02 5.7E-03 1.1E-02 2.8E-01 2.6E-03 
GG2 7.4E-02 9.7E-02 2.6E-02 1.8E-02 9.1E-03 1.3E-02 2.8E-01 3.9E-03 
GG2 7.4E-02 7.9E-02 2.1E-02 2.2E-02 9.1E-03 1.4E-02 3.1E-01 3.3E-03 
GG2 7.2E-02 7.6E-02 2.0E-02 2.1E-02 9.0E-03 1.4E-02 3.1E-01 4.2E-03 
GG2 1.9E-03 7.5E-05 1.9E-04 1.5E-04 0.0E+00 7.7E-05 4.4E-01 1.8E-05 
GG2 5.4E-02 5.2E-02 1.5E-02 2.1E-02 4.3E-03 1.3E-02 3.5E-01 2.3E-03 
GG2 7.3E-02 8.5E-02 1.9E-02 1.9E-02 6.4E-03 1.3E-02 3.0E-01 3.5E-03 
GG2 5.8E-02 5.4E-02 1.5E-02 2.4E-02 4.3E-03 1.3E-02 3.3E-01 2.2E-03 
GG2 1.7E-02 1.4E-02 9.8E-03 1.3E-02 1.1E-03 6.0E-03 4.2E-01 1.1E-03 
GG2 9.6E-02 7.4E-02 1.9E-02 2.5E-02 9.1E-03 1.5E-02 2.9E-01 2.1E-03 
GG2 1.9E-03 2.2E-04 6.3E-04 7.9E-05 3.1E-05 0.0E+00 4.4E-01 2.4E-04 
 
 
295 
ID Al Ca Fe K Mg Na Si Ti 
GG2 6.0E-02 5.7E-02 1.7E-02 2.9E-02 5.9E-03 1.3E-02 3.3E-01 2.8E-03 
GG2 6.7E-02 7.8E-02 2.0E-02 2.5E-02 9.0E-03 1.4E-02 3.0E-01 3.3E-03 
GG2 7.7E-02 1.2E-01 3.0E-02 1.8E-02 1.3E-02 1.1E-02 2.5E-01 4.3E-03 
GG2 6.5E-02 7.4E-02 2.0E-02 2.3E-02 8.9E-03 1.4E-02 3.0E-01 3.3E-03 
GG2 6.9E-02 7.6E-02 1.9E-02 2.6E-02 8.1E-03 1.4E-02 3.0E-01 3.7E-03 
GG2 6.8E-02 7.8E-02 2.2E-02 2.4E-02 8.9E-03 1.4E-02 2.9E-01 4.0E-03 
GG2 6.7E-02 7.6E-02 2.3E-02 2.4E-02 8.8E-03 1.4E-02 3.0E-01 3.4E-03 
GG2 7.2E-02 8.0E-02 2.1E-02 2.5E-02 8.3E-03 1.4E-02 2.9E-01 3.6E-03 
GG2 7.3E-02 8.3E-02 2.2E-02 2.3E-02 9.8E-03 1.4E-02 2.9E-01 4.5E-03 
GG2 6.8E-02 7.4E-02 2.1E-02 2.4E-02 8.8E-03 1.4E-02 3.0E-01 3.3E-03 
GG2 7.5E-02 8.7E-02 2.4E-02 2.2E-02 1.1E-02 1.3E-02 2.8E-01 4.0E-03 
GG2 3.7E-02 3.7E-02 1.3E-02 3.0E-02 5.3E-03 9.3E-03 3.6E-01 2.0E-03 
GG2 5.8E-02 7.5E-02 2.3E-02 2.9E-02 8.9E-03 1.2E-02 3.0E-01 3.8E-03 
GG2 7.0E-02 7.3E-02 1.9E-02 2.9E-02 7.6E-03 1.4E-02 2.9E-01 3.4E-03 
GG2 7.1E-02 9.4E-02 2.7E-02 1.9E-02 1.2E-02 1.4E-02 2.8E-01 4.4E-03 
GG2 6.4E-02 9.3E-02 2.6E-02 2.1E-02 1.1E-02 1.3E-02 2.9E-01 4.2E-03 
GG2 1.2E-02 1.8E-02 6.2E-03 1.5E-02 2.9E-03 6.1E-03 4.2E-01 5.4E-04 
GG2 7.9E-02 8.5E-02 2.5E-02 2.2E-02 9.6E-03 1.5E-02 2.8E-01 3.4E-03 
GG2 7.3E-02 9.6E-02 3.2E-02 1.7E-02 1.3E-02 1.3E-02 2.7E-01 5.2E-03 
GG2 7.5E-02 9.3E-02 2.5E-02 2.0E-02 9.9E-03 1.4E-02 2.8E-01 3.4E-03 
GG2 7.2E-02 9.5E-02 2.7E-02 2.1E-02 1.2E-02 1.4E-02 2.8E-01 4.8E-03 
GG2 7.7E-02 9.2E-02 3.1E-02 2.1E-02 1.1E-02 1.7E-02 2.6E-01 7.6E-03 
GG2 7.3E-02 5.5E-02 2.1E-02 3.4E-02 2.9E-03 1.3E-02 3.0E-01 3.7E-03 
GG2 7.3E-02 9.0E-02 2.6E-02 2.6E-02 9.1E-03 1.2E-02 2.7E-01 3.1E-03 
GG2 6.6E-02 9.7E-02 2.6E-02 2.5E-02 1.1E-02 1.2E-02 2.8E-01 3.6E-03 
GG2 6.0E-02 9.2E-02 2.5E-02 2.4E-02 1.2E-02 1.2E-02 2.8E-01 4.2E-03 
GG2 7.2E-02 1.1E-01 2.9E-02 2.0E-02 1.1E-02 1.2E-02 2.7E-01 5.1E-03 
GG2 7.6E-02 8.6E-02 2.5E-02 3.1E-02 1.1E-02 1.2E-02 2.7E-01 4.0E-03 
GG2 7.0E-02 9.8E-02 2.6E-02 2.0E-02 1.1E-02 1.2E-02 2.8E-01 4.0E-03 
GG2 6.3E-02 6.6E-02 1.7E-02 2.6E-02 6.9E-03 1.2E-02 3.1E-01 3.0E-03 
GG2 5.7E-02 5.3E-02 1.5E-02 2.5E-02 6.4E-03 1.2E-02 3.2E-01 2.6E-03 
GG2 5.3E-02 4.4E-02 2.0E-02 3.3E-02 5.7E-03 1.1E-02 3.2E-01 2.5E-03 
GG2 7.3E-02 9.3E-02 2.8E-02 2.3E-02 1.4E-02 1.3E-02 2.7E-01 4.2E-03 
GG2 9.1E-02 7.7E-02 2.1E-02 2.7E-02 9.2E-03 1.6E-02 2.8E-01 2.0E-03 
GG2 6.9E-02 9.2E-02 4.0E-02 1.9E-02 1.3E-02 1.2E-02 2.8E-01 4.9E-03 
GG2 6.5E-02 6.7E-02 1.8E-02 2.5E-02 7.5E-03 1.4E-02 3.1E-01 3.1E-03 
GG2 1.9E-02 2.2E-02 8.1E-03 1.4E-02 3.8E-03 6.4E-03 4.1E-01 7.8E-04 
GG2 6.7E-02 1.1E-01 7.1E-02 1.6E-02 1.6E-02 1.1E-02 2.5E-01 4.9E-03 
GG2 6.8E-02 8.7E-02 5.6E-02 2.0E-02 1.4E-02 1.3E-02 2.8E-01 4.3E-03 
 
 
296 
ID Al Ca Fe K Mg Na Si Ti 
GG2 5.5E-02 5.9E-02 2.5E-02 2.7E-02 8.3E-03 1.3E-02 3.2E-01 3.3E-03 
GG2 7.5E-02 1.0E-01 3.7E-02 2.0E-02 9.9E-03 1.4E-02 2.7E-01 4.3E-03 
GG2 5.9E-02 8.2E-02 2.3E-02 2.2E-02 1.1E-02 1.8E-02 3.0E-01 6.9E-03 
GG2 6.5E-02 8.3E-02 5.9E-02 2.5E-02 1.0E-02 1.4E-02 2.7E-01 4.0E-03 
GG2 1.4E-03 8.3E-04 9.3E-04 1.3E-03 1.4E-04 2.2E-03 4.5E-01 0.0E+00 
GG2 6.1E-02 7.8E-02 2.1E-02 2.4E-02 8.2E-03 1.6E-02 3.1E-01 3.3E-03 
GG2 6.7E-02 9.3E-02 4.5E-02 2.0E-02 1.1E-02 1.4E-02 2.9E-01 3.7E-03 
GG2 7.0E-02 7.0E-02 2.1E-02 2.4E-02 8.7E-03 1.9E-02 3.0E-01 2.7E-03 
GG2 6.0E-02 1.0E-01 3.6E-02 2.2E-02 9.1E-03 1.3E-02 2.9E-01 3.1E-03 
GG2 7.0E-02 8.6E-02 2.4E-02 2.6E-02 6.7E-03 1.5E-02 3.0E-01 3.3E-03 
GG2 6.8E-02 7.7E-02 2.6E-02 2.9E-02 9.5E-03 1.5E-02 3.0E-01 3.3E-03 
GG2 6.6E-02 7.7E-02 3.5E-02 4.0E-02 1.0E-02 8.4E-03 2.8E-01 9.5E-03 
GG2 9.2E-02 4.3E-02 2.3E-02 5.9E-02 1.0E-02 8.4E-03 2.7E-01 3.1E-03 
GG2 7.9E-02 7.5E-02 3.2E-02 4.4E-02 9.7E-03 9.9E-03 2.7E-01 3.5E-03 
GG2 6.6E-02 8.1E-02 2.4E-02 3.3E-02 9.7E-03 1.3E-02 2.9E-01 3.4E-03 
GG2 8.3E-02 8.5E-02 2.1E-02 3.1E-02 9.4E-03 1.3E-02 2.8E-01 3.8E-03 
GG2 7.0E-02 8.2E-02 2.9E-02 2.9E-02 1.1E-02 1.2E-02 3.0E-01 4.0E-03 
GG2 7.5E-05 2.2E-05 3.0E-04 2.5E-04 9.8E-05 4.6E-04 4.6E-01 4.6E-05 
GG2 2.0E-02 1.9E-02 8.2E-03 1.8E-02 6.6E-04 4.9E-03 4.3E-01 6.8E-04 
GG2 6.4E-02 7.5E-02 2.4E-02 3.4E-02 9.3E-03 1.2E-02 2.9E-01 4.0E-03 
GG2 7.7E-02 9.7E-02 3.5E-02 2.7E-02 1.3E-02 1.2E-02 2.7E-01 1.0E-02 
GG2 7.5E-02 7.9E-02 2.8E-02 3.2E-02 1.2E-02 1.3E-02 2.8E-01 7.2E-03 
GG2 7.3E-02 9.6E-02 2.6E-02 2.1E-02 8.8E-03 1.5E-02 2.8E-01 3.9E-03 
GG2 7.4E-02 1.1E-01 2.9E-02 2.2E-02 9.6E-03 1.3E-02 2.7E-01 5.3E-03 
GG2 6.5E-02 6.8E-02 2.1E-02 2.8E-02 9.4E-03 1.5E-02 3.0E-01 3.1E-03 
GG2 6.9E-02 3.7E-02 1.5E-02 3.6E-02 3.7E-03 1.8E-02 3.2E-01 2.1E-03 
GG2 5.1E-02 4.5E-02 2.1E-02 3.3E-02 4.8E-03 1.0E-02 3.3E-01 3.0E-03 
GG2 8.6E-02 9.2E-02 2.9E-02 2.5E-02 1.3E-02 1.5E-02 2.8E-01 4.0E-03 
GG2 1.5E-02 1.3E-02 5.7E-03 8.6E-03 2.4E-03 5.5E-03 4.2E-01 6.7E-04 
GG2 6.8E-02 8.4E-02 2.3E-02 2.1E-02 9.4E-03 1.5E-02 2.9E-01 3.6E-03 
GG2 6.6E-02 7.9E-02 2.0E-02 2.4E-02 8.4E-03 1.4E-02 3.0E-01 3.2E-03 
GG2 7.1E-02 1.1E-01 2.6E-02 1.7E-02 1.1E-02 1.1E-02 2.7E-01 4.0E-03 
GG2 7.0E-02 8.5E-02 2.1E-02 2.2E-02 9.0E-03 1.4E-02 2.9E-01 5.8E-03 
GG2 6.8E-02 7.6E-02 2.0E-02 2.6E-02 8.9E-03 1.4E-02 2.9E-01 3.4E-03 
GG2 6.4E-02 7.2E-02 2.1E-02 2.7E-02 8.9E-03 1.4E-02 3.0E-01 3.5E-03 
GG2 8.4E-02 7.1E-02 1.9E-02 2.9E-02 8.3E-03 1.6E-02 2.8E-01 2.7E-03 
GG2 5.6E-02 8.4E-02 2.1E-02 2.0E-02 8.2E-03 1.4E-02 3.0E-01 2.7E-03 
GG2 2.8E-03 1.6E-04 9.9E-04 1.8E-04 1.7E-04 1.2E-03 4.4E-01 0.0E+00 
GG2 6.8E-02 8.1E-02 2.3E-02 2.3E-02 9.5E-03 1.7E-02 2.9E-01 3.2E-03 
 
 
297 
ID Al Ca Fe K Mg Na Si Ti 
GG2 8.3E-02 9.2E-02 2.7E-02 2.1E-02 1.1E-02 1.5E-02 2.6E-01 7.3E-03 
GG2 9.8E-02 6.8E-02 1.9E-02 2.6E-02 8.6E-03 1.9E-02 2.7E-01 2.5E-03 
GG2 9.7E-02 7.2E-02 1.9E-02 2.6E-02 8.8E-03 1.9E-02 2.7E-01 2.2E-03 
GG2 4.1E-02 4.6E-02 1.4E-02 2.4E-02 6.6E-03 1.3E-02 3.4E-01 2.4E-03 
GG2 6.4E-02 7.9E-02 2.2E-02 2.3E-02 1.0E-02 1.6E-02 2.9E-01 3.9E-03 
GG2 6.8E-02 9.4E-02 2.4E-02 2.0E-02 1.1E-02 1.5E-02 2.8E-01 4.1E-03 
GG2 2.5E-03 4.8E-04 0.0E+00 5.0E-05 2.3E-04 1.2E-03 4.4E-01 0.0E+00 
GG2 6.1E-02 7.5E-02 2.2E-02 2.5E-02 9.2E-03 1.4E-02 3.0E-01 3.9E-03 
GG2 1.7E-02 1.2E-02 8.9E-03 1.4E-02 2.6E-03 6.2E-03 4.0E-01 9.9E-04 
GG2 7.1E-02 9.3E-02 2.3E-02 2.1E-02 1.0E-02 1.5E-02 2.8E-01 4.1E-03 
GG2 7.0E-02 6.0E-02 1.7E-02 2.9E-02 7.3E-03 1.6E-02 3.1E-01 3.3E-03 
GG2 7.5E-02 1.0E-01 2.5E-02 2.2E-02 1.1E-02 1.3E-02 2.7E-01 4.5E-03 
GG2 6.7E-02 9.6E-02 2.5E-02 2.2E-02 1.0E-02 1.3E-02 2.8E-01 4.3E-03 
GG2 8.2E-02 8.7E-02 2.3E-02 2.4E-02 1.0E-02 1.4E-02 2.9E-01 3.7E-03 
GG2 6.9E-02 9.0E-02 2.7E-02 2.3E-02 1.2E-02 1.3E-02 2.8E-01 4.3E-03 
GG2 2.6E-02 2.0E-02 1.1E-02 2.0E-02 2.9E-04 8.8E-03 3.9E-01 2.0E-03 
GG2 7.3E-02 9.2E-02 3.3E-02 2.3E-02 1.2E-02 1.0E-02 2.8E-01 5.4E-03 
GG2 6.4E-02 7.8E-02 2.7E-02 2.9E-02 1.0E-02 1.0E-02 2.9E-01 4.0E-03 
GG2 6.3E-02 7.4E-02 2.3E-02 2.9E-02 9.9E-03 9.6E-03 3.0E-01 3.6E-03 
GG2 6.1E-02 9.0E-02 3.1E-02 2.7E-02 1.0E-02 9.7E-03 2.8E-01 3.6E-03 
GG2 6.9E-02 8.2E-02 2.6E-02 2.8E-02 9.3E-03 1.1E-02 3.0E-01 3.6E-03 
GG2 7.6E-02 9.4E-02 3.7E-02 2.3E-02 1.2E-02 9.6E-03 2.7E-01 5.1E-03 
GG2 7.3E-02 9.1E-02 3.0E-02 2.5E-02 1.2E-02 9.5E-03 2.7E-01 5.3E-03 
GG2 3.5E-03 3.3E-04 9.0E-04 1.5E-03 3.5E-04 1.2E-03 4.6E-01 0.0E+00 
GG2 7.1E-02 8.6E-02 2.5E-02 2.3E-02 9.7E-03 1.3E-02 2.8E-01 4.6E-03 
GG2 7.5E-02 8.7E-02 2.8E-02 2.7E-02 1.2E-02 1.0E-02 2.8E-01 3.9E-03 
GG2 7.5E-02 8.3E-02 2.7E-02 3.0E-02 1.2E-02 1.1E-02 2.8E-01 5.1E-03 
GG2 7.3E-02 8.2E-02 2.0E-02 3.1E-02 8.9E-03 1.2E-02 2.9E-01 3.6E-03 
GG2 7.3E-02 7.6E-02 2.2E-02 3.1E-02 8.9E-03 1.3E-02 2.9E-01 3.1E-03 
GG2 7.4E-02 1.2E-02 2.4E-03 3.3E-02 1.3E-03 2.4E-02 3.4E-01 6.0E-04 
GG2 1.2E-01 2.6E-02 4.9E-03 3.5E-02 2.3E-03 3.6E-02 2.9E-01 0.0E+00 
GG2 1.2E-01 1.7E-02 2.5E-03 4.7E-02 1.7E-03 3.7E-02 2.8E-01 1.5E-04 
GG2 8.0E-02 9.6E-02 2.7E-02 2.8E-02 9.6E-03 1.7E-02 2.6E-01 3.7E-03 
GG2 7.9E-02 8.9E-02 2.9E-02 3.0E-02 1.0E-02 1.6E-02 2.7E-01 5.2E-03 
GG2 8.8E-02 6.4E-02 2.4E-02 3.4E-02 9.4E-03 1.9E-02 2.8E-01 4.9E-03 
GG2 8.0E-02 8.9E-02 3.0E-02 2.2E-02 1.3E-02 2.0E-02 2.8E-01 4.7E-03 
GG2 7.0E-02 6.4E-02 2.3E-02 2.8E-02 1.0E-02 1.9E-02 3.1E-01 3.4E-03 
GG2 7.3E-02 6.5E-02 1.9E-02 2.8E-02 5.9E-03 1.8E-02 3.0E-01 2.9E-03 
GG2 7.3E-02 7.2E-02 2.1E-02 2.8E-02 1.0E-02 1.9E-02 2.9E-01 3.8E-03 
 
 
298 
ID Al Ca Fe K Mg Na Si Ti 
GG2 7.3E-02 7.8E-02 2.0E-02 2.3E-02 8.4E-03 1.7E-02 3.0E-01 3.8E-03 
GG2 6.5E-02 8.6E-02 2.1E-02 2.4E-02 6.7E-03 1.5E-02 2.9E-01 3.8E-03 
GG2 3.3E-02 1.6E-02 6.9E-03 2.0E-02 1.7E-03 8.1E-03 4.1E-01 4.4E-04 
GG2 5.2E-03 4.2E-04 1.6E-03 2.5E-03 8.6E-04 1.5E-03 4.5E-01 4.8E-05 
GG2 8.6E-02 9.1E-02 3.1E-02 3.0E-02 1.6E-02 1.2E-02 2.7E-01 5.5E-03 
GG2 7.1E-02 8.6E-02 3.3E-02 2.6E-02 1.7E-02 1.3E-02 2.9E-01 5.2E-03 
GG2 7.0E-02 7.9E-02 2.3E-02 3.1E-02 9.9E-03 1.2E-02 2.9E-01 4.5E-03 
GG2 2.4E-02 3.6E-02 1.6E-02 2.3E-02 3.1E-03 8.5E-03 3.7E-01 1.3E-03 
GG2 8.0E-02 7.0E-02 2.1E-02 3.1E-02 6.3E-03 1.4E-02 2.9E-01 3.8E-03 
GG2 5.8E-02 7.7E-02 1.6E-02 2.6E-02 5.1E-03 1.5E-02 3.0E-01 2.5E-03 
GG2 5.2E-02 7.4E-02 1.9E-02 2.6E-02 6.1E-03 1.3E-02 3.2E-01 3.2E-03 
GG2 2.8E-03 8.0E-05 3.0E-04 6.5E-06 7.1E-04 4.6E-04 4.8E-01 1.1E-05 
GG2 7.5E-02 9.3E-02 2.5E-02 2.2E-02 1.1E-02 1.6E-02 2.7E-01 3.8E-03 
GG2 6.5E-02 8.2E-02 2.1E-02 2.5E-02 8.5E-03 1.7E-02 2.9E-01 3.5E-03 
GG2 7.0E-02 9.6E-02 2.5E-02 2.2E-02 1.0E-02 1.5E-02 2.8E-01 3.8E-03 
GG2 7.6E-02 9.6E-02 2.3E-02 2.2E-02 1.0E-02 1.5E-02 2.7E-01 4.5E-03 
GG2 1.2E-02 1.3E-02 4.6E-03 6.3E-03 2.2E-03 4.4E-03 4.2E-01 6.3E-04 
GG2 7.3E-02 1.0E-01 2.4E-02 2.1E-02 1.2E-02 1.5E-02 2.7E-01 4.4E-03 
GG2 7.4E-02 8.5E-02 2.2E-02 2.2E-02 8.7E-03 1.8E-02 2.8E-01 3.6E-03 
GG2 7.9E-02 8.0E-02 2.1E-02 2.3E-02 8.8E-03 1.9E-02 2.8E-01 3.4E-03 
GG2 7.5E-02 4.3E-02 1.1E-02 2.9E-02 5.3E-03 2.1E-02 3.2E-01 1.4E-03 
GG2 7.8E-02 9.2E-02 2.1E-02 2.2E-02 9.0E-03 1.9E-02 2.7E-01 3.0E-03 
GG2 5.4E-02 6.0E-02 1.9E-02 2.5E-02 7.5E-03 1.7E-02 3.2E-01 2.8E-03 
GG2 2.7E-02 2.7E-02 1.1E-02 1.6E-02 4.3E-03 9.7E-03 3.9E-01 1.5E-03 
GG2 4.3E-02 4.5E-02 1.9E-02 2.4E-02 6.7E-03 1.5E-02 3.4E-01 2.8E-03 
GG2 1.1E-01 5.7E-02 6.7E-03 2.3E-02 3.9E-03 3.1E-02 2.7E-01 6.7E-04 
GG2 2.7E-03 3.7E-04 2.4E-04 6.2E-04 9.3E-05 1.3E-03 4.5E-01 9.1E-05 
GG2 8.8E-02 7.9E-02 2.1E-02 2.0E-02 8.8E-03 2.2E-02 2.7E-01 1.3E-02 
GG2 7.2E-02 8.9E-02 2.8E-02 1.2E-02 1.2E-02 2.4E-02 2.7E-01 5.6E-03 
GG2 2.0E-03 4.2E-04 0.0E+00 7.6E-05 9.6E-05 8.2E-04 4.5E-01 0.0E+00 
GG2 7.6E-02 8.2E-02 2.3E-02 2.3E-02 1.0E-02 1.1E-02 2.8E-01 4.4E-03 
GG2 7.6E-02 8.4E-02 2.4E-02 2.2E-02 9.8E-03 1.0E-02 2.9E-01 4.1E-03 
GG2 7.7E-02 8.4E-02 2.2E-02 2.0E-02 1.0E-02 1.2E-02 2.9E-01 4.2E-03 
GG2 7.1E-02 8.1E-02 2.0E-02 2.5E-02 8.8E-03 1.1E-02 2.9E-01 3.7E-03 
GG2 7.9E-02 9.1E-02 2.7E-02 2.2E-02 1.0E-02 1.3E-02 2.8E-01 4.4E-03 
GG2 7.0E-02 9.4E-02 2.7E-02 2.2E-02 1.1E-02 1.1E-02 2.8E-01 5.7E-03 
GG2 7.6E-02 8.9E-02 2.6E-02 2.2E-02 1.1E-02 1.1E-02 2.8E-01 4.3E-03 
GG2 7.2E-02 9.6E-02 3.0E-02 1.9E-02 1.1E-02 9.9E-03 2.7E-01 4.6E-03 
GG2 7.8E-02 9.1E-02 2.7E-02 2.0E-02 1.1E-02 1.1E-02 2.8E-01 4.3E-03 
 
 
299 
ID Al Ca Fe K Mg Na Si Ti 
GG2 6.9E-02 8.2E-02 2.2E-02 2.5E-02 1.0E-02 1.2E-02 2.9E-01 4.2E-03 
GG2 7.3E-02 9.2E-02 2.3E-02 2.3E-02 1.0E-02 1.2E-02 2.8E-01 4.3E-03 
GG2 7.9E-02 6.8E-02 1.7E-02 2.8E-02 7.8E-03 1.2E-02 2.9E-01 2.9E-03 
GG2 7.4E-02 7.3E-02 2.1E-02 2.6E-02 9.3E-03 1.2E-02 2.9E-01 3.6E-03 
GG2 6.5E-02 8.0E-02 2.4E-02 2.2E-02 1.0E-02 1.1E-02 2.9E-01 3.9E-03 
GG2 6.8E-02 6.8E-02 2.5E-02 2.4E-02 9.4E-03 1.7E-02 3.0E-01 4.3E-03 
GG2 6.3E-02 7.2E-02 1.9E-02 2.8E-02 8.4E-03 1.3E-02 3.0E-01 3.8E-03 
GG2 7.0E-02 7.2E-02 2.1E-02 2.7E-02 8.7E-03 1.1E-02 3.0E-01 3.5E-03 
GG2 6.3E-02 7.1E-02 2.2E-02 2.6E-02 8.9E-03 1.1E-02 3.0E-01 3.4E-03 
GG2 7.4E-02 6.9E-02 1.9E-02 2.8E-02 9.1E-03 1.3E-02 3.0E-01 3.1E-03 
GG2 1.1E-01 4.6E-02 1.2E-02 2.4E-02 4.8E-03 3.2E-02 2.7E-01 1.4E-03 
GG2 6.4E-02 6.9E-02 2.4E-02 2.6E-02 8.7E-03 1.7E-02 2.9E-01 3.6E-03 
GG2 2.3E-02 2.6E-02 1.2E-02 2.0E-02 3.3E-03 4.8E-03 3.9E-01 2.2E-03 
GG2 6.9E-03 3.4E-03 3.0E-03 4.9E-03 1.3E-03 2.7E-03 4.4E-01 3.5E-04 
GG2 2.6E-02 3.0E-02 1.4E-02 2.3E-02 3.2E-03 4.3E-03 3.7E-01 1.6E-03 
GG2 6.9E-02 9.0E-02 2.0E-02 2.5E-02 8.2E-03 1.2E-02 2.9E-01 3.6E-03 
GG2 5.7E-02 7.6E-02 1.6E-02 3.4E-02 6.5E-03 1.0E-02 3.0E-01 3.0E-03 
GG2 7.2E-02 9.3E-02 1.8E-02 2.8E-02 8.2E-03 1.1E-02 2.8E-01 3.3E-03 
GG2 6.5E-02 8.5E-02 2.2E-02 2.4E-02 8.9E-03 1.2E-02 2.9E-01 3.9E-03 
GG2 6.5E-02 6.3E-02 1.9E-02 3.2E-02 8.4E-03 1.3E-02 3.0E-01 3.9E-03 
GG2 5.0E-02 5.3E-02 1.3E-02 3.4E-02 6.3E-03 1.1E-02 3.3E-01 2.4E-03 
GG2 8.9E-02 5.6E-02 7.5E-03 4.1E-02 3.9E-03 1.4E-02 2.9E-01 6.5E-04 
GG2 4.6E-02 7.0E-02 1.5E-02 3.2E-02 5.8E-03 8.3E-03 3.2E-01 2.7E-03 
GG2 6.8E-02 7.2E-02 2.2E-02 2.6E-02 8.3E-03 1.3E-02 3.0E-01 3.7E-03 
GG2 6.9E-02 7.7E-02 2.3E-02 2.7E-02 8.7E-03 1.3E-02 2.9E-01 3.2E-03 
GG2 7.5E-02 7.8E-02 1.9E-02 3.0E-02 8.2E-03 1.3E-02 2.9E-01 3.1E-03 
GG2 7.4E-02 8.8E-02 2.1E-02 2.9E-02 8.6E-03 1.2E-02 2.8E-01 4.0E-03 
GG2 5.2E-02 3.6E-02 1.4E-02 3.0E-02 5.3E-03 1.2E-02 3.5E-01 1.5E-03 
GG2 6.6E-02 7.6E-02 2.6E-02 2.7E-02 8.7E-03 1.2E-02 3.0E-01 7.8E-03 
GG2 7.3E-02 8.2E-02 2.5E-02 2.6E-02 9.5E-03 1.2E-02 2.8E-01 4.8E-03 
GG2 7.5E-02 8.1E-02 2.3E-02 2.6E-02 9.4E-03 1.3E-02 2.9E-01 3.5E-03 
GG2 7.8E-02 9.3E-02 2.6E-02 2.5E-02 1.0E-02 1.2E-02 2.7E-01 4.3E-03 
GG2 6.9E-02 7.7E-02 2.3E-02 3.5E-02 2.9E-03 7.0E-03 2.9E-01 3.7E-03 
GG2 8.6E-02 5.6E-02 1.3E-02 3.9E-02 6.2E-03 1.3E-02 2.9E-01 2.2E-03 
GG2 5.6E-02 4.9E-02 1.5E-02 3.1E-02 5.8E-03 1.2E-02 3.4E-01 2.4E-03 
GG2 7.8E-02 8.7E-02 2.4E-02 2.7E-02 9.6E-03 1.2E-02 2.7E-01 3.9E-03 
GG2 7.9E-02 7.8E-02 2.4E-02 2.7E-02 9.3E-03 1.2E-02 2.9E-01 3.2E-03 
GG2 7.0E-02 8.5E-02 2.6E-02 2.6E-02 1.1E-02 1.1E-02 3.0E-01 3.9E-03 
GG2 7.4E-02 8.0E-02 2.3E-02 3.0E-02 1.0E-02 1.2E-02 3.0E-01 3.9E-03 
 
 
300 
ID Al Ca Fe K Mg Na Si Ti 
GG2 6.9E-02 7.2E-02 1.8E-02 3.0E-02 8.4E-03 1.3E-02 3.1E-01 3.2E-03 
GG2 8.1E-02 1.0E-01 2.6E-02 1.9E-02 1.1E-02 1.3E-02 2.8E-01 4.0E-03 
GG2 7.7E-02 9.5E-02 2.3E-02 2.0E-02 1.0E-02 1.3E-02 2.9E-01 3.8E-03 
GG2 7.2E-02 6.9E-02 2.5E-02 4.2E-02 1.0E-02 1.0E-02 2.9E-01 4.0E-03 
GG2 9.6E-02 2.2E-02 6.3E-03 6.4E-02 8.8E-04 1.4E-02 3.0E-01 9.8E-04 
GG2 8.5E-02 8.1E-02 2.6E-02 3.8E-02 1.1E-02 1.0E-02 2.7E-01 3.8E-03 
GG2 7.6E-02 1.0E-01 2.7E-02 2.4E-02 1.1E-02 1.1E-02 2.8E-01 4.6E-03 
GG2 7.5E-02 1.1E-01 2.5E-02 1.8E-02 1.1E-02 1.3E-02 2.8E-01 4.4E-03 
GG2 1.0E-01 3.8E-03 4.3E-04 8.5E-02 1.1E-03 1.6E-02 3.0E-01 3.1E-04 
GG2 1.0E-01 1.6E-03 5.7E-04 8.9E-02 1.2E-03 1.9E-02 3.1E-01 1.6E-04 
GG2 7.2E-02 7.4E-02 2.5E-02 4.4E-02 1.0E-02 9.5E-03 2.9E-01 3.9E-03 
GG2 7.7E-02 1.1E-01 2.8E-02 2.9E-02 9.6E-03 1.0E-02 2.6E-01 5.0E-03 
GG2 7.7E-02 1.1E-01 2.7E-02 2.0E-02 1.1E-02 1.1E-02 2.8E-01 4.3E-03 
GG2 9.9E-02 9.5E-04 3.8E-03 7.8E-02 1.1E-03 1.4E-02 3.2E-01 6.8E-04 
GG2 5.8E-02 7.7E-02 2.7E-02 3.0E-02 8.7E-03 9.7E-03 3.0E-01 3.5E-03 
GG2 8.6E-02 3.1E-02 1.0E-02 6.0E-02 2.5E-03 1.1E-02 3.0E-01 1.4E-03 
GG2 6.9E-02 6.8E-02 1.9E-02 2.6E-02 7.7E-03 1.5E-02 3.0E-01 3.3E-03 
GG2 5.7E-02 4.3E-02 1.4E-02 3.2E-02 5.8E-03 1.3E-02 3.2E-01 2.7E-03 
GG2 9.3E-02 8.5E-02 2.2E-02 2.4E-02 1.0E-02 1.6E-02 2.6E-01 3.8E-03 
GG2 5.4E-02 7.8E-02 1.9E-02 2.4E-02 8.5E-03 1.3E-02 3.0E-01 2.3E-03 
GG2 6.5E-02 8.1E-02 2.0E-02 2.6E-02 8.4E-03 1.4E-02 2.9E-01 3.2E-03 
GG2 7.0E-02 9.4E-02 2.5E-02 2.2E-02 9.5E-03 1.4E-02 2.8E-01 4.4E-03 
GG2 9.3E-02 9.0E-02 2.0E-02 2.1E-02 7.4E-03 1.7E-02 2.7E-01 2.0E-03 
GG2 6.6E-02 7.6E-02 2.0E-02 2.4E-02 8.0E-03 1.4E-02 3.0E-01 3.5E-03 
GG2 8.2E-02 5.6E-02 1.4E-02 3.0E-02 6.0E-03 1.7E-02 3.0E-01 2.7E-03 
GG2 8.1E-02 5.2E-02 1.4E-02 3.1E-02 6.1E-03 1.8E-02 3.0E-01 1.9E-03 
GG2 9.8E-02 6.3E-02 1.1E-02 3.0E-02 6.0E-03 1.9E-02 2.8E-01 1.1E-03 
GG2 5.4E-02 8.1E-02 2.1E-02 2.3E-02 8.7E-03 1.3E-02 3.0E-01 3.4E-03 
GG2 5.5E-02 7.4E-02 1.7E-02 2.5E-02 7.0E-03 1.3E-02 3.2E-01 2.5E-03 
GG2 6.3E-02 7.7E-02 1.9E-02 2.3E-02 7.9E-03 1.4E-02 3.0E-01 3.1E-03 
GG2 7.2E-02 8.5E-02 2.0E-02 2.2E-02 9.2E-03 1.6E-02 2.9E-01 3.2E-03 
GG2 3.1E-03 1.5E-04 8.3E-04 3.1E-04 1.0E-04 1.2E-03 4.7E-01 0.0E+00 
GG2 7.3E-02 6.4E-02 1.8E-02 2.7E-02 7.7E-03 1.8E-02 3.0E-01 2.9E-03 
GG2 6.2E-02 5.4E-02 1.6E-02 2.8E-02 6.3E-03 1.6E-02 3.1E-01 2.3E-03 
GG2 3.6E-02 4.6E-02 1.3E-02 2.5E-02 5.6E-04 1.1E-02 3.5E-01 1.4E-03 
GG2 5.1E-02 7.6E-02 1.5E-02 2.3E-02 6.0E-03 1.2E-02 3.2E-01 2.2E-03 
GG2 6.1E-02 8.1E-02 1.7E-02 2.0E-02 7.7E-03 1.5E-02 3.0E-01 2.9E-03 
GG2 7.4E-02 8.7E-02 1.6E-02 2.1E-02 7.4E-03 1.6E-02 2.9E-01 2.2E-03 
GG2 7.1E-02 6.5E-02 1.7E-02 2.5E-02 7.1E-03 1.9E-02 3.0E-01 3.2E-03 
 
 
301 
ID Al Ca Fe K Mg Na Si Ti 
GG2 9.9E-02 6.6E-02 1.4E-02 2.5E-02 6.3E-03 2.2E-02 2.8E-01 1.9E-03 
GG2 3.7E-03 2.4E-03 1.5E-03 1.7E-03 1.0E-03 1.2E-03 4.7E-01 1.0E-04 
GG2 8.7E-02 7.4E-02 1.8E-02 2.4E-02 8.4E-03 1.7E-02 3.0E-01 2.7E-03 
GG2 6.4E-02 8.3E-02 2.3E-02 2.0E-02 1.1E-02 1.5E-02 3.1E-01 3.8E-03 
GG2 2.7E-02 3.1E-02 1.3E-02 2.3E-02 4.0E-03 6.8E-03 4.0E-01 1.3E-03 
GG2 8.3E-02 9.1E-02 2.8E-02 2.0E-02 9.7E-03 1.5E-02 2.8E-01 3.9E-03 
GG2 9.2E-02 8.4E-02 2.3E-02 2.4E-02 1.0E-02 1.6E-02 2.8E-01 2.7E-03 
GG2 7.9E-02 7.9E-02 2.3E-02 2.9E-02 1.1E-02 1.4E-02 2.9E-01 3.4E-03 
GG2 6.8E-02 7.9E-02 2.5E-02 2.5E-02 1.0E-02 1.5E-02 3.1E-01 3.6E-03 
GG2 9.3E-02 3.9E-02 1.1E-02 4.8E-02 2.2E-03 1.7E-02 3.0E-01 1.7E-03 
GG2 7.5E-02 9.8E-02 2.8E-02 2.7E-02 8.8E-03 1.1E-02 2.8E-01 4.2E-03 
GG2 6.7E-02 9.1E-02 2.3E-02 2.2E-02 7.4E-03 1.5E-02 2.9E-01 3.8E-03 
GG2 4.5E-02 4.9E-02 1.8E-02 3.6E-02 7.2E-03 1.0E-02 3.4E-01 4.0E-03 
GG2 1.0E-02 9.8E-03 4.5E-03 8.1E-03 2.0E-03 2.6E-03 4.4E-01 3.3E-04 
GG2 7.3E-02 1.0E-01 2.6E-02 2.4E-02 9.3E-03 1.4E-02 2.7E-01 4.8E-03 
GG2 7.4E-02 1.1E-01 3.0E-02 2.0E-02 1.2E-02 1.4E-02 2.8E-01 5.0E-03 
GG2 7.9E-02 8.6E-02 2.3E-02 2.5E-02 1.0E-02 1.7E-02 2.8E-01 3.9E-03 
GG2 8.3E-02 9.1E-02 2.6E-02 2.0E-02 1.2E-02 1.8E-02 2.8E-01 5.1E-03 
GG2 9.7E-02 5.9E-02 1.9E-02 2.2E-02 8.8E-03 3.0E-02 2.9E-01 3.0E-03 
GG2 1.3E-01 2.9E-02 6.9E-03 2.8E-02 4.1E-03 3.9E-02 2.8E-01 3.7E-04 
GG2 7.3E-02 8.1E-02 2.0E-02 2.8E-02 9.0E-03 1.4E-02 3.0E-01 2.9E-03 
GG2 1.2E-02 9.8E-03 1.1E-02 9.0E-03 1.6E-03 5.6E-03 4.2E-01 7.6E-04 
GG2 3.6E-03 1.4E-03 1.8E-03 1.2E-03 1.5E-03 3.4E-03 4.5E-01 0.0E+00 
GG2 1.2E-01 5.2E-02 1.2E-02 2.9E-02 6.1E-03 2.9E-02 2.8E-01 6.3E-04 
GG2 8.1E-02 6.3E-02 2.4E-02 2.6E-02 9.5E-03 2.4E-02 3.0E-01 3.6E-03 
GG2 7.4E-02 1.1E-01 3.3E-02 2.4E-02 1.2E-02 1.1E-02 2.8E-01 5.9E-03 
GG2 9.2E-02 5.1E-02 1.0E-02 4.2E-02 2.2E-03 1.6E-02 2.9E-01 1.2E-03 
GG2 3.4E-02 4.3E-03 9.0E-03 3.0E-02 1.1E-03 9.4E-03 3.9E-01 1.0E-03 
GG2 5.6E-02 4.1E-02 2.3E-02 2.9E-02 1.0E-02 1.8E-02 3.3E-01 4.0E-03 
GG2 5.1E-02 4.6E-02 2.0E-02 2.6E-02 7.7E-03 1.6E-02 3.3E-01 3.0E-03 
GG2 8.0E-02 7.3E-02 2.0E-02 4.1E-02 5.2E-03 1.2E-02 2.9E-01 3.7E-03 
GG2 3.0E-03 1.9E-04 7.4E-04 5.9E-04 4.6E-05 5.8E-04 4.8E-01 0.0E+00 
GG2 1.2E-01 3.1E-02 4.2E-03 2.8E-02 2.0E-03 4.2E-02 2.8E-01 8.1E-05 
GG2 1.0E-01 5.1E-02 1.8E-02 2.2E-02 7.2E-03 3.4E-02 2.9E-01 4.1E-03 
GG2 1.0E-01 6.4E-02 1.8E-02 2.2E-02 8.1E-03 3.2E-02 2.7E-01 2.5E-03 
GG2 7.3E-02 4.8E-02 1.8E-02 2.5E-02 8.2E-03 2.8E-02 3.1E-01 4.3E-03 
GG2 7.3E-02 9.7E-02 3.2E-02 2.2E-02 9.9E-03 1.6E-02 2.8E-01 7.0E-03 
GG2 7.3E-02 9.3E-02 3.0E-02 2.5E-02 9.3E-03 1.6E-02 2.8E-01 3.8E-03 
GG2 9.4E-02 4.1E-02 9.3E-03 3.8E-02 1.5E-03 2.3E-02 3.0E-01 1.4E-04 
 
 
302 
ID Al Ca Fe K Mg Na Si Ti 
GG2 2.6E-03 4.8E-04 1.3E-04 7.5E-04 3.7E-05 3.0E-03 4.5E-01 0.0E+00 
GG2 3.0E-03 3.6E-04 5.5E-04 5.6E-04 9.6E-04 5.2E-04 4.8E-01 3.1E-04 
GG2 7.9E-02 9.8E-02 2.8E-02 2.4E-02 1.2E-02 1.4E-02 2.8E-01 4.5E-03 
GG2 6.6E-02 8.7E-02 3.1E-02 2.5E-02 9.8E-03 1.3E-02 2.9E-01 9.5E-03 
GG2 6.4E-03 1.0E-03 1.1E-03 4.0E-03 1.1E-03 2.1E-03 4.7E-01 7.7E-05 
GG2 9.1E-02 7.8E-02 1.8E-02 2.3E-02 8.1E-03 1.8E-02 2.7E-01 2.6E-03 
GG2 9.7E-02 9.4E-02 2.2E-02 2.0E-02 9.7E-03 1.7E-02 2.6E-01 2.5E-03 
GG2 2.7E-03 9.1E-04 4.7E-04 6.8E-04 8.8E-04 1.9E-03 4.6E-01 1.7E-04 
GG2 8.4E-02 7.3E-02 2.2E-02 2.2E-02 1.0E-02 2.0E-02 2.9E-01 3.9E-03 
GG2 6.4E-02 8.5E-02 2.2E-02 2.3E-02 7.4E-03 1.4E-02 2.9E-01 3.7E-03 
GG2 2.9E-02 2.7E-02 1.2E-02 2.0E-02 2.5E-03 8.7E-03 4.0E-01 2.2E-03 
GG2 7.4E-02 8.5E-02 2.3E-02 2.0E-02 1.1E-02 1.4E-02 3.0E-01 3.6E-03 
GG2 7.5E-02 9.3E-02 2.6E-02 2.2E-02 1.1E-02 1.4E-02 2.8E-01 4.8E-03 
GG2 6.8E-02 9.4E-02 2.5E-02 2.1E-02 7.8E-03 1.6E-02 2.9E-01 4.3E-03 
GG2 6.3E-02 8.7E-02 2.7E-02 2.1E-02 8.1E-03 1.6E-02 2.9E-01 3.8E-03 
GG2 6.3E-02 9.2E-02 3.0E-02 2.0E-02 9.1E-03 1.5E-02 2.9E-01 4.3E-03 
GG2 7.6E-02 9.9E-02 2.6E-02 2.0E-02 1.1E-02 1.5E-02 2.8E-01 4.4E-03 
GG2 7.8E-02 8.1E-02 2.9E-02 1.9E-02 1.1E-02 2.2E-02 2.9E-01 4.6E-03 
GG2 8.4E-02 8.4E-02 3.1E-02 1.7E-02 1.2E-02 2.2E-02 2.8E-01 4.8E-03 
GG2 8.4E-02 8.2E-02 2.6E-02 1.8E-02 1.1E-02 2.3E-02 2.8E-01 3.9E-03 
GG2 7.4E-02 9.8E-02 3.3E-02 1.6E-02 1.2E-02 1.8E-02 2.8E-01 5.1E-03 
GG2 7.6E-02 6.7E-02 2.0E-02 3.2E-02 6.8E-03 1.6E-02 2.9E-01 3.7E-03 
GG2 8.5E-02 7.7E-02 2.1E-02 2.8E-02 9.1E-03 1.6E-02 2.8E-01 3.4E-03 
GG2 7.2E-02 8.7E-02 2.5E-02 1.9E-02 1.2E-02 1.7E-02 2.8E-01 4.2E-03 
GG2 4.3E-02 5.0E-02 1.7E-02 2.0E-02 8.3E-03 1.4E-02 3.6E-01 2.4E-03 
GG2 7.8E-02 7.9E-02 2.1E-02 2.5E-02 9.7E-03 1.8E-02 2.9E-01 4.2E-03 
GG2 7.8E-02 8.9E-02 2.9E-02 2.3E-02 1.3E-02 1.8E-02 2.7E-01 5.8E-03 
GG2 7.7E-02 9.0E-02 2.6E-02 2.0E-02 1.2E-02 1.5E-02 2.9E-01 4.6E-03 
GG2 7.7E-02 8.1E-02 2.3E-02 2.0E-02 1.2E-02 1.6E-02 3.0E-01 4.2E-03 
GG2 1.1E-01 5.7E-02 1.4E-02 3.6E-02 6.8E-03 2.4E-02 2.8E-01 7.4E-04 
GG2 4.0E-02 3.8E-02 1.2E-02 2.9E-02 3.4E-03 1.4E-02 3.6E-01 1.5E-03 
GG2 7.6E-02 7.8E-02 2.3E-02 2.8E-02 9.3E-03 1.6E-02 2.8E-01 3.4E-03 
GG2 6.5E-02 8.1E-02 2.2E-02 2.5E-02 8.9E-03 1.5E-02 3.1E-01 3.8E-03 
GG2 8.9E-02 3.5E-02 1.0E-02 4.2E-02 2.7E-03 2.2E-02 3.0E-01 2.1E-03 
GG2 6.5E-02 6.6E-02 2.0E-02 2.5E-02 9.1E-03 1.9E-02 3.2E-01 2.9E-03 
GG2 7.4E-02 2.1E-02 9.2E-03 4.8E-02 1.9E-03 2.0E-02 3.2E-01 1.4E-03 
GG2 9.9E-02 2.3E-02 3.7E-03 4.8E-02 2.2E-03 2.5E-02 3.0E-01 2.5E-04 
GG2 4.5E-02 1.1E-02 5.0E-03 2.0E-02 1.8E-03 1.6E-02 3.7E-01 2.7E-04 
GG2 1.0E-01 4.2E-02 1.3E-02 2.8E-02 2.9E-03 3.2E-02 2.9E-01 2.0E-03 
 
 
303 
ID Al Ca Fe K Mg Na Si Ti 
GG2 1.2E-01 3.6E-02 5.1E-03 2.7E-02 3.4E-04 3.8E-02 2.8E-01 3.1E-04 
GG2 9.0E-02 8.7E-02 2.2E-02 2.2E-02 9.7E-03 1.7E-02 2.9E-01 2.8E-03 
GG2 7.9E-02 5.6E-02 1.7E-02 3.2E-02 8.4E-03 2.0E-02 3.1E-01 3.4E-03 
GG2 9.0E-02 5.5E-02 1.6E-02 3.4E-02 7.9E-03 2.0E-02 2.9E-01 3.1E-03 
GG2 7.7E-02 7.7E-02 1.8E-02 2.5E-02 5.8E-03 1.9E-02 2.9E-01 3.3E-03 
GG2 1.1E-01 5.6E-02 1.4E-02 3.0E-02 7.0E-03 2.3E-02 2.8E-01 6.3E-04 
GG2 9.8E-02 3.9E-02 1.1E-02 3.7E-02 5.8E-03 2.4E-02 3.0E-01 1.6E-03 
GG2 8.6E-02 6.5E-02 2.2E-02 3.1E-02 1.0E-02 2.0E-02 2.8E-01 3.5E-03 
GG2 5.8E-02 7.8E-02 1.8E-02 2.3E-02 6.0E-03 1.7E-02 3.1E-01 2.4E-03 
GG2 5.6E-02 5.2E-02 1.8E-02 3.1E-02 5.0E-03 1.6E-02 3.3E-01 2.6E-03 
GG2 6.8E-03 1.1E-02 4.3E-03 5.1E-03 2.2E-03 3.9E-03 4.5E-01 2.9E-04 
GG2 7.0E-02 8.9E-02 2.0E-02 2.2E-02 8.9E-03 1.7E-02 3.0E-01 3.3E-03 
GG2 7.8E-02 9.7E-02 2.0E-02 2.3E-02 6.6E-03 1.7E-02 2.7E-01 3.2E-03 
GG2 7.4E-02 7.3E-02 1.9E-02 2.9E-02 6.4E-03 1.5E-02 2.9E-01 3.7E-03 
GG2 7.7E-02 9.4E-02 2.7E-02 2.3E-02 1.2E-02 1.4E-02 2.9E-01 4.7E-03 
GG2 6.2E-02 8.6E-02 2.0E-02 2.0E-02 8.5E-03 1.4E-02 3.1E-01 2.8E-03 
GG2 7.5E-02 9.1E-02 2.6E-02 2.5E-02 1.1E-02 1.3E-02 2.8E-01 5.6E-03 
GG2 2.6E-03 2.9E-04 6.1E-04 1.2E-03 6.6E-04 1.1E-03 4.7E-01 9.4E-05 
GG2 7.3E-02 7.8E-02 2.0E-02 2.8E-02 9.6E-03 1.4E-02 3.0E-01 4.0E-03 
GG2 1.9E-03 3.5E-04 1.0E-04 8.4E-04 0.0E+00 2.0E-04 4.4E-01 0.0E+00 
GG2 7.5E-02 1.0E-01 2.9E-02 2.0E-02 1.2E-02 1.2E-02 2.8E-01 4.6E-03 
GG2 7.2E-02 9.1E-02 2.5E-02 2.5E-02 1.0E-02 1.2E-02 2.9E-01 4.2E-03 
GG2 6.1E-02 8.4E-02 2.3E-02 2.6E-02 9.4E-03 1.2E-02 3.1E-01 4.3E-03 
GG2 5.5E-02 7.6E-02 1.6E-02 2.6E-02 5.8E-03 1.3E-02 3.2E-01 3.2E-03 
GG2 2.6E-03 4.0E-04 1.3E-04 1.1E-03 5.4E-05 6.1E-04 4.6E-01 0.0E+00 
GG2 6.4E-02 7.3E-02 2.0E-02 2.5E-02 9.1E-03 1.5E-02 3.1E-01 3.4E-03 
GG2 8.0E-02 5.9E-02 1.6E-02 3.7E-02 4.7E-03 1.5E-02 3.0E-01 3.3E-03 
GG2 5.7E-02 3.0E-02 1.1E-02 3.6E-02 5.5E-03 1.5E-02 3.4E-01 1.5E-03 
GG2 7.0E-02 7.4E-02 2.4E-02 2.5E-02 9.4E-03 1.6E-02 3.0E-01 3.9E-03 
GG2 9.2E-02 5.3E-02 1.6E-02 3.0E-02 7.0E-03 2.3E-02 3.0E-01 2.8E-03 
GG2 2.6E-03 3.0E-03 3.8E-04 8.7E-04 1.0E-04 1.4E-03 4.5E-01 0.0E+00 
GG2 5.1E-02 5.3E-02 1.8E-02 2.3E-02 8.1E-03 1.5E-02 3.4E-01 3.4E-03 
GG2 9.5E-02 6.0E-02 1.5E-02 2.6E-02 6.6E-03 2.3E-02 3.0E-01 1.9E-03 
GG2 7.5E-02 8.1E-02 2.3E-02 2.8E-02 6.4E-03 1.2E-02 2.9E-01 4.3E-03 
GG2 1.6E-04 1.6E-04 4.6E-04 1.9E-04 1.7E-04 1.9E-04 4.5E-01 2.0E-04 
GG2 5.0E-02 4.9E-02 1.5E-02 2.7E-02 4.3E-03 1.4E-02 3.4E-01 2.0E-03 
GG2 6.8E-02 8.0E-02 2.9E-02 2.1E-02 9.9E-03 1.5E-02 3.0E-01 6.1E-03 
GG2 6.9E-02 9.5E-02 1.9E-02 2.8E-02 6.0E-03 1.1E-02 2.8E-01 3.8E-03 
GG2 7.0E-04 2.7E-04 6.1E-04 5.9E-04 4.0E-04 5.2E-04 4.6E-01 2.0E-04 
 
 
304 
ID Al Ca Fe K Mg Na Si Ti 
GG2 1.1E-01 5.1E-02 1.2E-02 3.8E-02 6.4E-03 2.0E-02 2.8E-01 1.4E-03 
GG2 5.5E-02 6.0E-02 2.0E-02 2.4E-02 5.7E-03 1.3E-02 3.3E-01 3.2E-03 
GG2 9.8E-02 6.9E-03 2.1E-03 8.0E-02 1.4E-03 1.7E-02 2.9E-01 4.5E-04 
GG2 3.4E-03 2.3E-02 3.0E-03 4.5E-03 1.0E-03 1.2E-03 4.3E-01 3.8E-04 
GG2 5.9E-02 7.2E-02 1.5E-02 3.7E-02 4.6E-03 1.2E-02 3.2E-01 3.2E-03 
GG2 8.9E-02 6.3E-02 9.1E-03 4.4E-02 1.7E-03 1.5E-02 2.9E-01 1.5E-03 
GG2 6.2E-02 1.1E-01 1.9E-02 3.1E-02 6.1E-03 9.8E-03 2.9E-01 3.4E-03 
GG2 6.9E-03 1.8E-02 6.4E-03 1.0E-02 8.8E-04 3.8E-03 4.4E-01 1.2E-03 
GG2 1.5E-04 3.6E-05 3.6E-04 2.8E-04 0.0E+00 6.6E-05 4.4E-01 1.7E-04 
GG2 6.1E-05 2.0E-04 3.4E-04 5.0E-06 5.7E-05 1.7E-04 4.5E-01 2.5E-04 
GG2 7.3E-02 8.9E-02 1.7E-02 3.3E-02 4.1E-03 9.3E-03 3.1E-01 3.2E-03 
GG2 2.7E-03 6.7E-03 2.9E-03 4.3E-03 1.4E-03 2.2E-03 4.6E-01 2.6E-05 
GG2 6.4E-02 1.2E-01 1.9E-02 2.5E-02 6.1E-03 9.3E-03 2.9E-01 3.7E-03 
GG2 6.4E-02 9.2E-02 1.8E-02 3.1E-02 6.2E-03 1.1E-02 3.0E-01 6.5E-03 
GG2 1.9E-03 1.6E-04 0.0E+00 1.7E-04 0.0E+00 2.0E-04 4.4E-01 1.3E-04 
GG2 1.6E-04 1.2E-03 1.7E-04 2.0E-04 0.0E+00 2.2E-04 4.4E-01 0.0E+00 
GG2 6.2E-03 3.2E-03 3.8E-03 7.6E-03 2.0E-03 4.2E-03 4.4E-01 3.0E-03 
GG2 8.8E-02 7.2E-02 1.8E-02 2.5E-02 1.1E-02 1.5E-02 2.9E-01 4.1E-03 
GG2 5.3E-02 5.9E-02 1.6E-02 2.8E-02 8.2E-03 1.2E-02 3.3E-01 2.5E-03 
GG2 4.2E-02 4.3E-02 1.6E-02 2.6E-02 4.7E-03 1.1E-02 3.5E-01 2.3E-03 
GG2 2.8E-03 5.1E-05 4.7E-04 1.3E-03 7.0E-04 1.2E-03 4.7E-01 0.0E+00 
GG2 6.7E-02 8.5E-02 2.6E-02 2.6E-02 7.6E-03 1.3E-02 2.9E-01 4.4E-03 
GG2 7.3E-02 8.7E-02 2.5E-02 2.3E-02 1.0E-02 1.3E-02 3.0E-01 5.2E-03 
GG2 6.0E-02 7.3E-02 2.2E-02 2.4E-02 9.3E-03 1.2E-02 3.3E-01 3.4E-03 
GG2 6.7E-02 7.4E-02 2.1E-02 2.5E-02 9.4E-03 1.2E-02 3.1E-01 4.3E-03 
GG2 7.9E-02 9.8E-02 2.6E-02 2.2E-02 8.3E-03 1.4E-02 2.8E-01 4.9E-03 
GG2 7.8E-02 9.4E-02 2.9E-02 2.1E-02 9.2E-03 1.3E-02 2.8E-01 5.8E-03 
GG2 7.9E-02 1.0E-01 3.1E-02 1.8E-02 1.3E-02 1.2E-02 2.8E-01 4.5E-03 
GG2 7.6E-02 1.0E-01 2.7E-02 1.9E-02 9.8E-03 1.1E-02 2.8E-01 5.1E-03 
GG2 7.8E-02 9.5E-02 2.6E-02 1.9E-02 1.1E-02 1.1E-02 2.9E-01 4.6E-03 
GG2 8.8E-02 7.9E-02 2.2E-02 2.4E-02 9.5E-03 1.6E-02 2.9E-01 4.0E-03 
GG2 5.8E-02 5.6E-02 1.6E-02 2.4E-02 7.6E-03 1.5E-02 3.3E-01 1.7E-03 
GG2 6.9E-02 7.9E-02 2.0E-02 2.2E-02 9.1E-03 1.3E-02 3.1E-01 3.1E-03 
GG2 6.3E-02 6.8E-02 1.7E-02 2.6E-02 5.4E-03 1.7E-02 3.2E-01 2.9E-03 
GG2 6.8E-02 7.3E-02 2.0E-02 2.4E-02 8.8E-03 1.8E-02 3.1E-01 3.6E-03 
GG2 9.8E-02 7.9E-02 1.9E-02 2.4E-02 9.1E-03 1.7E-02 2.8E-01 3.0E-03 
GG2 6.8E-02 8.1E-02 2.4E-02 2.4E-02 8.1E-03 1.4E-02 2.9E-01 4.2E-03 
GG2 2.4E-02 2.7E-02 1.1E-02 2.1E-02 2.6E-03 7.7E-03 3.9E-01 1.1E-03 
GG2 4.3E-03 5.5E-04 2.1E-03 3.4E-03 1.5E-03 2.1E-03 4.5E-01 2.2E-05 
 
 
305 
ID Al Ca Fe K Mg Na Si Ti 
GG2 6.7E-02 7.4E-02 2.0E-02 2.8E-02 8.5E-03 1.2E-02 3.1E-01 4.3E-03 
GG2 7.6E-02 7.2E-02 2.2E-02 2.8E-02 9.1E-03 1.3E-02 3.0E-01 4.1E-03 
GG2 7.9E-02 6.4E-02 1.8E-02 3.8E-02 8.3E-03 1.3E-02 2.9E-01 2.5E-03 
GG2 9.6E-02 1.8E-02 7.7E-03 6.1E-02 1.5E-03 1.7E-02 3.1E-01 7.6E-04 
GG2 5.8E-02 3.6E-02 1.2E-02 3.3E-02 2.9E-03 1.3E-02 3.4E-01 2.3E-03 
GG2 5.2E-02 3.1E-02 1.1E-02 3.4E-02 2.5E-03 1.2E-02 3.4E-01 2.3E-03 
GG2 7.4E-02 4.5E-02 1.4E-02 3.6E-02 6.7E-03 1.4E-02 3.3E-01 2.6E-03 
GG2 1.0E-01 4.8E-03 1.4E-03 7.6E-02 1.2E-03 2.0E-02 3.0E-01 3.9E-04 
GG2 4.0E-02 2.3E-02 7.7E-03 3.0E-02 1.6E-03 9.5E-03 3.9E-01 1.5E-03 
GG2 6.0E-02 5.9E-02 2.3E-02 3.1E-02 2.2E-03 2.2E-03 3.5E-01 3.2E-03 
GG2 8.2E-02 6.6E-02 2.1E-02 3.4E-02 9.0E-03 1.2E-02 2.8E-01 2.9E-03 
GG2 8.1E-02 9.2E-02 2.1E-02 3.0E-02 6.6E-03 1.3E-02 2.8E-01 3.6E-03 
GG2 7.8E-02 9.0E-02 2.1E-02 2.8E-02 6.8E-03 1.3E-02 2.8E-01 5.1E-03 
GG2 8.0E-02 7.8E-02 2.0E-02 2.8E-02 8.8E-03 1.4E-02 3.0E-01 4.0E-03 
GG2 7.6E-02 8.5E-02 2.4E-02 2.2E-02 1.1E-02 1.3E-02 3.0E-01 4.3E-03 
GG2 2.1E-03 3.0E-04 6.5E-04 1.6E-04 7.5E-06 4.2E-04 4.4E-01 3.9E-05 
GG2 6.5E-02 6.3E-02 1.8E-02 3.8E-02 5.8E-03 1.2E-02 3.2E-01 3.2E-03 
GG2 7.6E-02 9.9E-02 2.5E-02 2.8E-02 1.1E-02 1.2E-02 2.8E-01 4.2E-03 
GG2 7.9E-02 7.2E-02 2.0E-02 2.7E-02 8.8E-03 1.4E-02 3.0E-01 2.5E-03 
GG2 1.0E-01 6.9E-03 9.2E-04 7.2E-02 1.0E-03 1.8E-02 3.0E-01 1.9E-04 
GG2 1.3E-02 1.2E-02 8.6E-03 1.4E-02 1.3E-03 3.8E-03 4.4E-01 1.1E-03 
GG2 1.1E-02 9.9E-03 6.2E-03 7.2E-03 2.4E-03 3.5E-03 4.6E-01 5.2E-04 
GG2 2.9E-03 8.8E-05 3.6E-04 1.5E-03 7.9E-04 1.4E-03 4.7E-01 0.0E+00 
GG2 9.6E-05 6.1E-04 9.8E-04 1.0E-03 0.0E+00 5.4E-04 4.5E-01 0.0E+00 
GG2 4.6E-03 6.6E-03 4.3E-03 3.2E-03 2.6E-03 4.3E-03 4.4E-01 2.0E-04 
GG2 7.0E-02 5.6E-02 1.8E-02 3.6E-02 9.7E-03 1.4E-02 3.1E-01 2.6E-03 
GG2 6.4E-02 6.4E-02 1.8E-02 2.7E-02 5.2E-03 1.4E-02 3.1E-01 2.9E-03 
GG2 7.1E-02 8.6E-02 2.4E-02 2.5E-02 8.3E-03 1.3E-02 2.8E-01 3.9E-03 
GG2 8.0E-02 8.5E-02 2.5E-02 2.3E-02 1.2E-02 1.4E-02 2.9E-01 4.0E-03 
GG2 8.7E-02 8.4E-02 2.9E-02 2.2E-02 1.2E-02 1.6E-02 2.8E-01 5.3E-03 
GG2 8.3E-02 8.3E-02 2.7E-02 2.4E-02 1.1E-02 1.5E-02 2.8E-01 4.5E-03 
GG2 6.9E-02 8.8E-02 2.4E-02 2.1E-02 8.0E-03 1.5E-02 2.9E-01 4.3E-03 
GG2 6.9E-02 9.0E-02 2.5E-02 2.0E-02 8.4E-03 1.5E-02 2.8E-01 4.2E-03 
GG2 1.0E-01 6.6E-02 1.4E-02 2.5E-02 7.0E-03 2.0E-02 2.9E-01 1.1E-03 
GG2 6.0E-02 5.4E-02 1.9E-02 2.9E-02 8.7E-03 1.5E-02 3.3E-01 2.7E-03 
GG2 7.5E-02 8.0E-02 2.3E-02 2.4E-02 9.9E-03 1.5E-02 3.0E-01 3.5E-03 
GG2 7.7E-02 8.2E-02 2.1E-02 2.2E-02 9.4E-03 1.6E-02 2.9E-01 3.7E-03 
GG2 6.1E-02 6.4E-02 1.8E-02 2.2E-02 8.2E-03 1.6E-02 3.2E-01 2.6E-03 
GG2 8.0E-02 6.9E-02 2.0E-02 2.4E-02 9.4E-03 1.7E-02 3.1E-01 3.6E-03 
 
 
306 
ID Al Ca Fe K Mg Na Si Ti 
GG2 7.1E-02 8.6E-02 2.3E-02 2.5E-02 8.1E-03 1.3E-02 2.9E-01 4.0E-03 
GG2 8.1E-02 8.5E-02 2.3E-02 2.4E-02 1.0E-02 1.5E-02 2.9E-01 2.9E-03 
GG2 8.8E-02 8.6E-02 2.0E-02 2.4E-02 8.3E-03 1.5E-02 2.8E-01 2.8E-03 
GG2 7.8E-02 9.0E-02 2.4E-02 2.0E-02 1.1E-02 1.5E-02 2.9E-01 4.0E-03 
GG2 7.3E-02 7.6E-02 2.1E-02 2.1E-02 1.0E-02 1.6E-02 3.1E-01 3.3E-03 
GG2 7.7E-02 7.5E-02 2.0E-02 2.3E-02 8.9E-03 1.6E-02 3.0E-01 3.3E-03 
GG2 7.2E-02 8.8E-02 2.4E-02 2.4E-02 9.1E-03 1.3E-02 2.9E-01 3.7E-03 
GG2 7.6E-02 8.9E-02 2.7E-02 2.2E-02 1.2E-02 1.4E-02 2.9E-01 4.2E-03 
GG2 7.6E-02 8.5E-02 2.4E-02 2.5E-02 9.9E-03 1.4E-02 2.9E-01 3.4E-03 
GG2 8.4E-02 8.2E-02 2.1E-02 2.4E-02 9.4E-03 1.6E-02 2.9E-01 3.7E-03 
GG2 7.7E-02 9.2E-02 2.5E-02 2.2E-02 9.8E-03 1.5E-02 2.9E-01 4.6E-03 
GG2 7.3E-02 9.4E-02 2.3E-02 2.2E-02 7.6E-03 1.5E-02 2.8E-01 4.8E-03 
GG2 8.3E-02 6.8E-02 2.3E-02 3.3E-02 8.5E-03 1.3E-02 2.9E-01 5.6E-03 
GG2 7.9E-02 6.4E-02 2.1E-02 3.5E-02 8.2E-03 1.4E-02 2.9E-01 3.8E-03 
GG2 7.4E-02 5.8E-02 1.9E-02 3.0E-02 6.1E-03 1.6E-02 3.1E-01 2.9E-03 
GG2 3.3E-03 2.8E-03 3.2E-03 2.8E-03 1.7E-03 4.1E-03 4.3E-01 3.4E-04 
GG2 4.8E-03 4.9E-03 2.6E-03 4.1E-03 1.3E-03 2.5E-03 4.5E-01 0.0E+00 
GG2 3.6E-02 2.3E-02 1.2E-02 2.9E-02 1.9E-03 1.1E-02 3.7E-01 6.1E-03 
GG2 7.8E-02 7.9E-02 2.0E-02 2.4E-02 8.9E-03 1.5E-02 3.0E-01 3.4E-03 
GG2 8.3E-02 7.0E-02 1.8E-02 3.0E-02 4.9E-03 1.6E-02 2.9E-01 2.3E-03 
GG2 6.6E-02 7.9E-02 2.7E-02 2.7E-02 1.1E-02 1.3E-02 3.0E-01 4.9E-03 
GG2 1.9E-02 1.6E-02 9.1E-03 1.6E-02 1.2E-03 7.0E-03 4.1E-01 3.0E-03 
GG2 7.8E-02 6.3E-02 1.9E-02 2.6E-02 5.8E-03 1.7E-02 3.0E-01 3.1E-03 
GG2 8.1E-02 8.1E-02 2.5E-02 2.3E-02 1.1E-02 1.5E-02 2.9E-01 4.9E-03 
GG2 7.6E-02 7.5E-02 2.4E-02 2.8E-02 1.0E-02 1.4E-02 3.0E-01 4.8E-03 
GG2 8.3E-02 8.1E-02 2.3E-02 2.8E-02 1.0E-02 1.6E-02 2.7E-01 3.7E-03 
GG2 6.8E-02 8.8E-02 2.5E-02 2.1E-02 9.4E-03 1.6E-02 2.9E-01 5.0E-03 
GG2 5.2E-02 3.8E-02 1.6E-02 3.5E-02 4.4E-03 1.1E-02 3.4E-01 2.2E-03 
GG2 6.9E-02 6.5E-02 1.9E-02 2.9E-02 6.1E-03 1.3E-02 3.1E-01 3.2E-03 
GG2 6.7E-02 6.0E-02 2.1E-02 2.8E-02 5.7E-03 1.6E-02 3.0E-01 4.5E-03 
GG2 7.6E-02 6.1E-02 1.8E-02 3.0E-02 7.5E-03 1.5E-02 3.1E-01 3.0E-03 
GG2 5.9E-02 5.1E-02 1.8E-02 2.9E-02 4.3E-03 1.8E-02 3.1E-01 2.7E-03 
GG2 4.7E-02 1.2E-02 5.1E-03 3.1E-02 2.2E-03 1.3E-02 3.8E-01 5.2E-04 
GG2 4.8E-02 4.3E-02 1.8E-02 2.8E-02 4.5E-03 1.1E-02 3.4E-01 4.2E-03 
GG2 5.0E-02 4.6E-02 2.1E-02 2.6E-02 8.0E-03 1.1E-02 3.4E-01 4.3E-03 
GG2 2.4E-06 3.7E-04 6.1E-04 4.7E-04 6.2E-05 2.8E-03 4.7E-01 3.5E-05 
GG2 7.0E-02 6.9E-02 1.9E-02 2.5E-02 8.2E-03 1.6E-02 3.0E-01 3.0E-03 
GG2 7.5E-02 8.0E-02 2.3E-02 2.3E-02 9.6E-03 1.5E-02 2.9E-01 4.1E-03 
GG2 5.3E-03 4.4E-03 3.8E-03 3.7E-03 1.8E-03 3.8E-03 4.6E-01 2.1E-04 
 
 
307 
ID Al Ca Fe K Mg Na Si Ti 
GG2 5.6E-02 4.7E-02 1.7E-02 2.5E-02 4.7E-03 1.6E-02 3.4E-01 2.3E-03 
GG2 2.9E-03 5.1E-04 4.2E-04 8.1E-05 1.2E-03 7.2E-03 4.5E-01 1.3E-06 
GG2 1.6E-02 1.6E-02 8.9E-03 1.2E-02 1.3E-03 8.6E-03 4.1E-01 5.5E-04 
GG2 6.1E-02 6.7E-02 2.1E-02 2.3E-02 6.6E-03 1.7E-02 3.1E-01 3.5E-03 
GG2 5.7E-02 6.2E-02 1.9E-02 2.3E-02 8.8E-03 1.7E-02 3.3E-01 4.4E-03 
GG2 2.8E-03 1.5E-04 2.1E-05 8.1E-04 4.9E-05 2.3E-03 4.6E-01 1.9E-04 
GG2 5.0E-02 5.9E-02 2.0E-02 2.0E-02 8.5E-03 1.5E-02 3.2E-01 2.3E-03 
GG2 6.2E-02 6.6E-02 1.8E-02 2.6E-02 7.3E-03 1.4E-02 3.1E-01 2.8E-03 
GG2 7.3E-02 8.8E-02 2.6E-02 2.0E-02 9.9E-03 1.3E-02 2.8E-01 4.2E-03 
GG2 7.3E-02 6.3E-02 1.9E-02 2.2E-02 8.3E-03 1.5E-02 3.2E-01 2.6E-03 
GG2 7.2E-02 8.7E-02 2.5E-02 1.9E-02 7.6E-03 1.5E-02 2.8E-01 4.1E-03 
GG2 5.9E-02 7.5E-02 2.1E-02 2.0E-02 6.5E-03 2.0E-02 3.0E-01 3.6E-03 
GG2 5.5E-02 8.8E-02 2.4E-02 1.7E-02 8.0E-03 1.8E-02 2.9E-01 4.6E-03 
GG2 5.5E-02 8.2E-02 2.1E-02 1.7E-02 9.3E-03 1.2E-02 3.2E-01 4.5E-03 
GG2 2.7E-03 4.6E-04 4.1E-04 2.4E-04 6.4E-04 1.7E-03 4.6E-01 0.0E+00 
GG2 6.9E-02 9.9E-02 2.8E-02 1.8E-02 9.2E-03 1.7E-02 2.7E-01 5.7E-03 
GG2 6.2E-02 8.6E-02 2.5E-02 1.8E-02 8.3E-03 1.4E-02 3.0E-01 4.6E-03 
GG2 2.6E-03 8.6E-04 3.1E-04 1.5E-03 5.8E-06 9.2E-03 4.4E-01 2.7E-05 
GG2 7.2E-02 7.6E-02 2.0E-02 2.3E-02 8.8E-03 1.5E-02 3.0E-01 3.5E-03 
GG2 8.0E-05 4.2E-04 3.1E-04 6.0E-04 6.3E-04 5.6E-03 4.6E-01 2.7E-04 
GG2 7.4E-02 7.2E-02 2.1E-02 2.6E-02 7.1E-03 1.4E-02 2.9E-01 3.1E-03 
GG2 5.6E-03 8.2E-03 4.0E-03 4.8E-03 1.4E-03 1.2E-02 4.2E-01 0.0E+00 
GG2 6.8E-02 6.5E-02 2.3E-02 3.3E-02 9.4E-03 1.2E-02 2.9E-01 4.8E-03 
GG2 7.3E-02 8.5E-02 2.5E-02 2.1E-02 1.1E-02 1.4E-02 2.8E-01 3.9E-03 
GG2 2.7E-03 0.0E+00 5.7E-04 5.4E-03 1.8E-04 5.2E-03 4.5E-01 8.7E-05 
GG2 9.9E-02 5.2E-02 1.6E-02 4.4E-02 6.2E-03 1.4E-02 2.7E-01 2.1E-03 
GG2 9.2E-02 3.9E-02 1.5E-02 5.3E-02 5.8E-03 1.4E-02 2.8E-01 2.8E-03 
GG2 7.5E-02 4.7E-02 1.9E-02 4.5E-02 6.8E-03 1.3E-02 3.0E-01 4.1E-03 
GG2 6.6E-02 4.1E-02 1.4E-02 2.9E-02 6.2E-03 1.6E-02 3.4E-01 1.7E-03 
GG2 7.7E-02 5.1E-02 1.7E-02 3.2E-02 7.4E-03 1.6E-02 3.2E-01 2.3E-03 
GG2 2.5E-03 4.7E-04 6.2E-04 1.1E-03 6.6E-04 1.8E-03 4.6E-01 0.0E+00 
GG2 6.4E-02 6.4E-02 2.3E-02 2.3E-02 8.6E-03 1.5E-02 3.1E-01 4.8E-03 
GG2 4.8E-02 3.0E-02 1.4E-02 2.6E-02 2.8E-03 1.3E-02 3.5E-01 2.0E-03 
GG2 2.6E-03 3.4E-04 0.0E+00 5.4E-04 8.2E-05 4.1E-03 4.5E-01 1.9E-04 
GG2 1.2E-02 1.1E-02 6.1E-03 8.4E-03 4.9E-04 5.3E-03 4.2E-01 6.8E-04 
GG2 6.3E-02 7.3E-02 2.0E-02 2.3E-02 8.5E-03 1.3E-02 3.1E-01 3.0E-03 
GG2 7.7E-02 7.5E-02 2.6E-02 2.1E-02 1.0E-02 1.5E-02 2.9E-01 4.2E-03 
GG2 7.1E-02 8.2E-02 2.1E-02 2.3E-02 7.2E-03 1.3E-02 3.0E-01 3.4E-03 
GG2 7.7E-03 5.1E-03 3.6E-03 5.5E-03 1.3E-03 6.2E-03 4.4E-01 3.9E-04 
 
 
308 
ID Al Ca Fe K Mg Na Si Ti 
GG2 5.6E-02 7.3E-02 2.2E-02 2.2E-02 8.5E-03 1.4E-02 3.2E-01 3.9E-03 
GG2 4.9E-02 6.0E-02 1.7E-02 2.7E-02 4.6E-03 1.8E-02 3.2E-01 4.1E-03 
GG2 8.2E-02 8.5E-02 2.7E-02 1.6E-02 1.1E-02 1.1E-02 3.0E-01 4.0E-03 
GG2 3.3E-02 3.8E-02 1.3E-02 1.9E-02 3.9E-03 8.7E-03 3.7E-01 1.6E-03 
GG2 4.4E-02 5.1E-02 1.5E-02 2.1E-02 4.8E-03 1.0E-02 3.4E-01 1.9E-03 
GG2 4.6E-02 4.0E-02 1.3E-02 2.4E-02 3.5E-03 1.1E-02 3.5E-01 1.4E-03 
GG2 5.9E-02 5.8E-02 1.7E-02 2.4E-02 7.9E-03 1.2E-02 3.3E-01 3.0E-03 
GG2 1.4E-02 1.8E-02 9.1E-03 1.2E-02 9.8E-04 3.8E-03 4.4E-01 6.0E-04 
GG2 2.0E-03 3.2E-04 6.2E-04 1.2E-04 0.0E+00 2.7E-04 4.4E-01 2.2E-05 
GG2 3.9E-03 2.5E-03 2.1E-03 2.8E-03 1.3E-03 3.3E-03 4.6E-01 0.0E+00 
GG2 3.5E-02 3.7E-02 1.4E-02 2.1E-02 4.3E-03 1.0E-02 3.8E-01 2.0E-03 
GG2 9.9E-05 6.0E-05 1.1E-04 9.4E-05 2.4E-04 1.6E-04 4.5E-01 1.0E-04 
GG2 3.1E-03 3.1E-03 2.0E-03 2.1E-03 1.3E-03 2.0E-03 4.7E-01 2.4E-04 
GG2 4.8E-02 5.6E-02 1.8E-02 2.3E-02 5.7E-03 1.4E-02 3.4E-01 4.0E-03 
GG2 8.1E-02 8.1E-02 2.1E-02 2.1E-02 9.6E-03 1.5E-02 2.9E-01 4.0E-03 
GG2 7.9E-02 7.0E-02 2.0E-02 2.6E-02 8.6E-03 1.4E-02 3.0E-01 2.7E-03 
GG2 6.2E-02 5.4E-02 1.6E-02 2.7E-02 5.2E-03 1.3E-02 3.3E-01 2.8E-03 
GG2 6.6E-02 8.1E-02 2.3E-02 2.1E-02 8.1E-03 1.2E-02 3.0E-01 3.9E-03 
GG2 7.9E-02 6.7E-02 1.7E-02 3.3E-02 5.9E-03 1.2E-02 3.0E-01 2.3E-03 
GG2 5.8E-02 4.9E-02 1.6E-02 3.1E-02 7.8E-03 1.2E-02 3.4E-01 2.1E-03 
GG2 8.0E-02 8.4E-02 2.2E-02 2.4E-02 1.0E-02 1.2E-02 2.9E-01 4.7E-03 
GG2 7.7E-02 7.5E-02 2.2E-02 2.2E-02 9.9E-03 1.3E-02 3.1E-01 3.8E-03 
GG2 6.9E-02 8.4E-02 2.4E-02 2.1E-02 1.0E-02 1.2E-02 3.0E-01 4.6E-03 
GG2 2.8E-03 2.8E-04 9.0E-05 0.0E+00 6.8E-04 6.1E-04 4.7E-01 6.1E-05 
GG2 7.4E-02 5.3E-02 1.6E-02 3.3E-02 7.5E-03 1.3E-02 3.2E-01 2.6E-03 
GG2 3.1E-02 2.7E-02 1.0E-02 2.7E-02 2.5E-03 9.3E-03 3.8E-01 1.4E-03 
GG2 6.2E-02 5.9E-02 1.9E-02 2.5E-02 8.6E-03 1.4E-02 3.3E-01 2.8E-03 
GG2 8.6E-02 6.2E-02 2.0E-02 2.6E-02 9.0E-03 1.5E-02 3.0E-01 3.7E-03 
GG2 8.5E-02 6.6E-02 2.1E-02 2.6E-02 8.6E-03 1.3E-02 3.0E-01 3.5E-03 
GG2 7.8E-02 9.4E-02 3.3E-02 1.6E-02 1.2E-02 1.0E-02 2.8E-01 5.5E-03 
GG2 4.7E-02 3.4E-02 1.1E-02 3.2E-02 2.9E-03 1.1E-02 3.7E-01 1.5E-03 
GG2 7.6E-02 7.8E-02 2.3E-02 2.3E-02 1.0E-02 1.3E-02 3.0E-01 3.7E-03 
GG2 5.9E-02 6.4E-02 2.4E-02 2.9E-02 7.1E-03 1.2E-02 3.1E-01 3.5E-03 
GG2 7.2E-02 6.6E-02 2.1E-02 2.8E-02 9.4E-03 1.3E-02 3.1E-01 4.1E-03 
GG2 7.5E-02 6.4E-02 1.9E-02 2.9E-02 9.0E-03 1.4E-02 3.1E-01 3.3E-03 
GG2 7.4E-02 8.1E-02 2.6E-02 2.2E-02 1.2E-02 1.3E-02 3.0E-01 4.2E-03 
GG2 8.2E-02 8.1E-02 2.4E-02 2.2E-02 1.1E-02 1.4E-02 2.9E-01 3.8E-03 
GG2 6.9E-02 7.8E-02 2.1E-02 2.7E-02 8.0E-03 1.2E-02 3.0E-01 3.8E-03 
GG2 7.3E-02 8.3E-02 2.7E-02 2.5E-02 1.1E-02 1.2E-02 3.0E-01 3.9E-03 
 
 
309 
ID Al Ca Fe K Mg Na Si Ti 
GG2 2.7E-03 1.5E-03 7.8E-04 1.3E-03 6.5E-05 1.4E-03 4.7E-01 0.0E+00 
GG2 9.0E-02 7.0E-02 1.9E-02 3.0E-02 9.0E-03 1.5E-02 3.0E-01 3.4E-03 
GG2 8.6E-02 9.2E-02 2.5E-02 2.3E-02 1.1E-02 1.3E-02 2.8E-01 5.1E-03 
GG2 3.0E-03 1.1E-03 4.4E-04 1.3E-03 8.6E-04 4.9E-04 4.8E-01 0.0E+00 
GG2 7.1E-02 8.8E-02 2.9E-02 2.4E-02 8.4E-03 1.2E-02 2.9E-01 4.8E-03 
GG2 7.5E-02 7.8E-02 2.3E-02 2.8E-02 9.7E-03 1.3E-02 3.1E-01 3.5E-03 
GG2 8.0E-02 6.9E-02 2.1E-02 3.1E-02 9.0E-03 1.4E-02 3.0E-01 3.2E-03 
GG2 7.7E-02 6.4E-02 1.9E-02 3.7E-02 8.2E-03 1.2E-02 3.0E-01 3.2E-03 
GG2 8.9E-02 6.6E-02 2.0E-02 3.7E-02 8.7E-03 1.3E-02 2.9E-01 3.5E-03 
GG2 2.5E-03 3.2E-04 1.4E-04 3.7E-04 1.4E-04 1.5E-03 4.4E-01 2.0E-04 
GG2 3.5E-02 2.6E-02 1.7E-02 2.4E-02 4.1E-03 1.0E-02 3.6E-01 1.6E-03 
GG2 8.9E-02 4.5E-02 1.5E-02 3.5E-02 5.6E-03 1.7E-02 2.9E-01 2.0E-03 
GG2 7.1E-02 9.2E-02 2.6E-02 2.2E-02 1.1E-02 1.1E-02 2.8E-01 5.8E-03 
GG2 2.6E-03 0.0E+00 5.7E-04 6.2E-04 2.2E-04 9.9E-04 4.6E-01 1.3E-04 
GG2 4.8E-02 4.2E-02 2.0E-02 2.9E-02 5.6E-03 1.2E-02 3.3E-01 2.2E-03 
GG2 8.7E-02 4.1E-02 1.4E-02 3.8E-02 6.1E-03 1.7E-02 2.9E-01 2.8E-03 
GG2 7.5E-02 9.4E-02 2.6E-02 2.2E-02 1.1E-02 1.2E-02 2.7E-01 6.7E-03 
GG2 6.7E-02 2.7E-02 9.6E-03 4.2E-02 3.9E-03 1.5E-02 3.2E-01 2.2E-03 
GG2 6.0E-02 5.5E-02 1.5E-02 3.0E-02 6.9E-03 1.3E-02 3.2E-01 2.0E-03 
GG2 6.9E-02 7.3E-02 1.9E-02 2.8E-02 8.3E-03 1.3E-02 3.0E-01 2.9E-03 
GG2 5.0E-02 6.0E-02 1.6E-02 3.1E-02 7.5E-03 1.1E-02 3.2E-01 2.5E-03 
GG2 2.6E-03 3.6E-05 2.0E-04 4.8E-04 3.6E-04 1.3E-03 4.5E-01 0.0E+00 
GG2 2.8E-03 2.8E-04 2.2E-04 0.0E+00 7.2E-05 1.1E-03 4.6E-01 0.0E+00 
GG2 3.0E-03 0.0E+00 3.2E-04 2.9E-04 6.3E-04 1.4E-03 4.6E-01 0.0E+00 
GG2 4.8E-02 1.3E-01 3.2E-02 1.0E-02 8.1E-03 9.6E-03 2.9E-01 2.1E-03 
GG2 7.2E-02 7.6E-02 2.2E-02 2.2E-02 8.8E-03 1.3E-02 3.0E-01 3.7E-03 
GG2 2.5E-03 2.6E-04 4.3E-04 0.0E+00 7.7E-05 1.2E-03 4.5E-01 0.0E+00 
GG2 2.8E-03 3.3E-04 6.7E-05 0.0E+00 1.1E-04 1.1E-03 4.6E-01 9.0E-06 
GG2 2.3E-03 3.1E-04 9.1E-04 2.3E-04 1.8E-04 6.6E-04 4.4E-01 0.0E+00 
GG2 5.3E-02 1.0E-01 3.3E-02 1.3E-02 8.9E-03 1.1E-02 3.0E-01 2.6E-03 
GG2 8.1E-02 6.3E-02 1.8E-02 2.4E-02 7.6E-03 1.6E-02 2.9E-01 2.9E-03 
GG2 7.5E-02 7.7E-02 2.4E-02 2.3E-02 9.7E-03 1.3E-02 2.9E-01 3.4E-03 
GG2 2.9E-03 8.4E-05 1.8E-04 1.3E-03 9.5E-05 1.3E-03 4.5E-01 3.5E-04 
GG2 3.0E-03 2.6E-04 6.4E-04 2.5E-04 8.0E-04 9.5E-04 4.7E-01 3.6E-05 
GG2 1.5E-02 2.4E-02 9.7E-03 1.2E-02 2.4E-03 5.5E-03 4.1E-01 8.1E-04 
GG2 7.6E-02 6.7E-02 1.9E-02 2.5E-02 7.3E-03 1.3E-02 2.9E-01 2.7E-03 
GG2 6.8E-02 7.0E-02 2.2E-02 2.5E-02 8.7E-03 1.2E-02 2.9E-01 3.2E-03 
GG2 6.4E-02 4.5E-02 1.9E-02 3.2E-02 6.9E-03 1.3E-02 3.3E-01 2.8E-03 
GG2 7.0E-02 6.9E-02 1.9E-02 2.9E-02 8.3E-03 1.2E-02 2.9E-01 3.3E-03 
 
 
310 
ID Al Ca Fe K Mg Na Si Ti 
GG2 2.9E-03 5.1E-04 2.4E-04 1.7E-03 4.6E-04 1.0E-03 4.5E-01 0.0E+00 
GG2 5.9E-02 5.5E-02 1.8E-02 2.4E-02 7.0E-03 1.3E-02 3.3E-01 2.6E-03 
GG2 8.3E-02 6.5E-02 1.9E-02 2.6E-02 7.4E-03 1.5E-02 2.9E-01 2.8E-03 
GG2 9.0E-02 3.8E-02 1.1E-02 3.6E-02 3.9E-03 1.6E-02 3.0E-01 1.3E-03 
GG2 6.8E-02 6.2E-02 1.8E-02 2.2E-02 7.9E-03 1.4E-02 3.0E-01 2.5E-03 
GG2 6.4E-02 5.2E-02 1.7E-02 2.3E-02 7.5E-03 1.4E-02 3.1E-01 2.4E-03 
GG2 6.3E-02 7.0E-02 2.4E-02 2.1E-02 8.6E-03 1.3E-02 3.1E-01 3.5E-03 
GG2 9.5E-03 5.4E-03 3.6E-03 7.1E-03 1.4E-03 2.9E-03 4.5E-01 2.0E-03 
GG2 3.8E-05 7.4E-05 7.0E-04 6.5E-04 5.2E-04 6.1E-04 4.5E-01 2.1E-04 
GG2 5.4E-02 6.9E-02 2.2E-02 2.0E-02 6.4E-03 1.0E-02 3.2E-01 4.3E-03 
GG2 7.4E-02 8.1E-02 2.6E-02 2.3E-02 9.4E-03 1.1E-02 3.0E-01 5.0E-03 
GG2 8.1E-02 4.0E-02 1.4E-02 3.7E-02 5.6E-03 1.3E-02 3.2E-01 1.5E-03 
GG2 7.0E-02 8.9E-02 3.2E-02 1.8E-02 8.7E-03 8.9E-03 2.8E-01 3.6E-03 
GG2 6.2E-02 3.7E-02 1.1E-02 3.2E-02 2.4E-03 1.2E-02 3.4E-01 1.4E-03 
GG2 8.9E-02 4.3E-02 1.2E-02 3.7E-02 2.1E-03 1.5E-02 3.0E-01 3.6E-04 
GG2 2.7E-03 5.2E-04 4.8E-04 6.3E-04 5.0E-05 3.3E-03 4.7E-01 1.5E-04 
GG2 1.1E-04 2.0E-04 2.2E-04 9.8E-04 4.2E-05 1.7E-03 4.7E-01 0.0E+00 
GG2 7.5E-02 1.0E-01 3.6E-02 2.3E-02 9.0E-03 1.2E-02 2.9E-01 2.9E-03 
GG2 6.3E-02 5.3E-02 1.9E-02 2.8E-02 7.0E-03 1.3E-02 3.1E-01 4.9E-03 
GG2 7.2E-02 7.3E-02 2.3E-02 2.4E-02 8.8E-03 1.1E-02 3.0E-01 6.7E-03 
GG2 6.4E-02 5.7E-02 2.0E-02 2.5E-02 7.9E-03 9.9E-03 3.2E-01 4.1E-03 
GG2 5.7E-02 5.7E-02 2.1E-02 3.0E-02 5.3E-03 9.8E-03 3.4E-01 2.7E-03 
GG2 8.1E-02 7.4E-02 2.3E-02 2.4E-02 9.2E-03 1.2E-02 3.0E-01 3.7E-03 
GG2 7.7E-02 8.0E-02 2.6E-02 2.3E-02 8.9E-03 9.7E-03 2.8E-01 9.9E-03 
GG2 8.1E-02 6.6E-02 2.9E-02 3.0E-02 8.7E-03 1.2E-02 3.0E-01 5.4E-03 
GG2 5.9E-02 5.7E-02 2.1E-02 2.7E-02 5.1E-03 1.1E-02 3.3E-01 3.1E-03 
GG2 8.6E-02 7.8E-02 2.5E-02 2.1E-02 1.0E-02 1.2E-02 3.0E-01 4.5E-03 
GG2 7.5E-02 7.3E-02 2.6E-02 2.4E-02 9.8E-03 1.1E-02 3.0E-01 3.6E-03 
GG2 7.1E-02 5.0E-02 3.8E-02 3.3E-02 4.5E-03 1.3E-02 3.0E-01 2.5E-03 
GG2 4.6E-02 4.9E-02 1.7E-02 2.6E-02 4.1E-03 1.1E-02 3.6E-01 3.0E-03 
GG2 7.6E-02 7.5E-02 2.5E-02 2.3E-02 1.0E-02 1.2E-02 3.0E-01 4.6E-03 
GG2 6.8E-02 1.1E-01 3.3E-02 1.7E-02 9.5E-03 7.9E-03 3.0E-01 4.0E-03 
GG2 5.7E-02 9.5E-02 3.0E-02 1.8E-02 8.6E-03 8.0E-03 2.9E-01 3.3E-03 
GG2 6.1E-02 9.4E-02 3.0E-02 1.7E-02 8.8E-03 8.3E-03 2.8E-01 3.8E-03 
GG2 7.7E-02 8.2E-02 3.1E-02 1.9E-02 1.1E-02 9.3E-03 3.1E-01 4.2E-03 
GG2 7.1E-02 8.8E-02 3.1E-02 1.9E-02 1.1E-02 8.9E-03 3.0E-01 5.0E-03 
GG2 7.0E-02 8.9E-02 3.2E-02 1.6E-02 1.1E-02 9.0E-03 3.1E-01 3.6E-03 
GG2 6.0E-02 7.8E-02 2.8E-02 1.8E-02 7.9E-03 8.6E-03 3.0E-01 4.1E-03 
GG2 7.1E-02 5.2E-02 1.9E-02 3.3E-02 5.5E-03 1.4E-02 3.2E-01 2.9E-03 
 
 
311 
ID Al Ca Fe K Mg Na Si Ti 
GG2 7.4E-02 4.1E-02 1.4E-02 3.4E-02 3.7E-03 1.5E-02 3.3E-01 1.7E-03 
GG2 7.3E-02 8.9E-02 3.3E-02 1.5E-02 1.2E-02 9.4E-03 3.0E-01 5.4E-03 
GG2 9.5E-02 1.0E-01 3.1E-02 1.5E-02 1.1E-02 8.6E-03 2.7E-01 3.3E-03 
GG2 9.4E-02 3.3E-02 9.2E-03 4.1E-02 1.2E-03 1.5E-02 3.0E-01 5.2E-04 
GG2 6.7E-02 7.7E-02 2.3E-02 2.4E-02 1.0E-02 1.2E-02 3.0E-01 4.0E-03 
GG2 5.6E-02 6.5E-02 1.9E-02 2.3E-02 9.4E-03 1.3E-02 3.2E-01 3.6E-03 
GG2 6.4E-02 6.4E-02 2.0E-02 2.2E-02 5.7E-03 1.7E-02 3.0E-01 2.9E-03 
GG2 7.4E-02 1.0E-01 2.9E-02 1.5E-02 1.0E-02 1.0E-02 2.7E-01 4.5E-03 
GG2 8.1E-02 8.2E-02 2.3E-02 2.3E-02 9.4E-03 1.2E-02 2.9E-01 3.1E-03 
GG2 7.8E-02 6.7E-02 2.2E-02 2.4E-02 9.8E-03 1.3E-02 3.0E-01 3.5E-03 
GG2 7.3E-02 7.6E-02 2.4E-02 2.2E-02 9.6E-03 1.2E-02 3.0E-01 3.4E-03 
GG2 7.7E-02 6.2E-02 1.9E-02 2.4E-02 5.4E-03 1.3E-02 3.0E-01 3.7E-03 
GG2 8.2E-02 7.6E-02 2.1E-02 2.3E-02 8.9E-03 1.2E-02 2.9E-01 2.8E-03 
GG2 8.1E-02 7.4E-02 2.2E-02 2.2E-02 9.0E-03 1.6E-02 2.9E-01 3.6E-03 
GG2 8.4E-02 7.6E-02 2.2E-02 2.1E-02 9.3E-03 1.4E-02 2.9E-01 3.3E-03 
GG2 7.3E-02 8.9E-02 2.6E-02 1.7E-02 9.1E-03 1.1E-02 2.9E-01 4.5E-03 
GG2 7.2E-02 8.4E-02 2.7E-02 1.8E-02 8.9E-03 1.2E-02 2.9E-01 4.4E-03 
GG2 7.2E-02 7.2E-02 2.1E-02 2.2E-02 8.8E-03 1.3E-02 3.1E-01 3.6E-03 
GG2 7.2E-02 8.2E-02 2.4E-02 2.0E-02 9.7E-03 1.5E-02 2.8E-01 3.9E-03 
GG2 9.3E-02 4.8E-02 1.6E-02 3.6E-02 7.9E-03 1.4E-02 3.0E-01 1.5E-03 
GG2 8.9E-02 9.8E-02 2.5E-02 2.0E-02 1.0E-02 1.0E-02 2.7E-01 3.9E-03 
GG2 7.6E-02 6.0E-02 2.0E-02 2.4E-02 6.0E-03 2.0E-02 2.9E-01 3.3E-03 
GG2 8.5E-02 6.8E-02 2.3E-02 2.3E-02 8.8E-03 2.1E-02 2.8E-01 3.6E-03 
GG2 8.8E-02 7.5E-02 2.6E-02 2.4E-02 1.1E-02 1.3E-02 2.8E-01 4.6E-03 
GG2 8.6E-02 7.7E-02 2.7E-02 2.2E-02 1.1E-02 1.6E-02 2.7E-01 4.0E-03 
GG2 8.5E-02 8.0E-02 2.8E-02 2.3E-02 1.2E-02 1.4E-02 2.8E-01 4.2E-03 
GG2 2.6E-03 1.9E-04 4.2E-04 4.5E-04 7.8E-04 1.8E-03 4.7E-01 1.8E-04 
GG2 5.1E-02 7.1E-02 2.4E-02 2.1E-02 6.6E-03 1.4E-02 3.1E-01 7.2E-03 
GG2 6.5E-02 7.6E-02 2.2E-02 2.1E-02 8.9E-03 1.1E-02 3.2E-01 2.4E-03 
GG2 6.8E-02 9.4E-02 3.7E-02 1.9E-02 9.1E-03 1.2E-02 2.8E-01 5.8E-03 
GG2 6.7E-02 8.3E-02 2.7E-02 1.9E-02 1.0E-02 1.2E-02 2.9E-01 5.5E-03 
GG2 5.4E-03 4.9E-03 4.8E-03 3.7E-03 1.8E-03 3.1E-03 4.6E-01 6.3E-04 
GG2 4.1E-02 5.1E-02 1.9E-02 2.2E-02 5.4E-03 1.1E-02 3.5E-01 2.7E-03 
GG2 5.1E-02 6.0E-02 2.4E-02 2.9E-02 8.4E-03 1.3E-02 3.1E-01 4.5E-03 
GG2 6.4E-02 7.0E-02 2.7E-02 2.6E-02 1.2E-02 1.1E-02 3.1E-01 5.2E-03 
GG2 4.9E-02 5.4E-02 2.2E-02 2.7E-02 6.7E-03 1.3E-02 3.2E-01 4.7E-03 
GG2 6.9E-02 9.7E-02 2.9E-02 1.6E-02 9.1E-03 9.5E-03 2.9E-01 3.9E-03 
GG2 6.1E-02 7.4E-02 2.0E-02 2.1E-02 8.9E-03 1.2E-02 3.1E-01 5.1E-03 
GG2 5.0E-02 7.1E-02 2.2E-02 2.0E-02 8.8E-03 1.2E-02 3.2E-01 4.2E-03 
 
 
312 
ID Al Ca Fe K Mg Na Si Ti 
GG2 4.9E-02 7.0E-02 2.0E-02 2.0E-02 8.6E-03 1.1E-02 3.2E-01 2.9E-03 
GG2 6.5E-02 8.2E-02 2.2E-02 1.8E-02 9.2E-03 1.2E-02 3.0E-01 4.5E-03 
GG2 6.8E-02 7.5E-02 2.1E-02 2.1E-02 7.6E-03 1.1E-02 3.0E-01 3.1E-03 
GG2 5.6E-02 7.2E-02 2.2E-02 2.0E-02 8.4E-03 1.0E-02 3.1E-01 3.6E-03 
GG2 5.0E-02 6.3E-02 2.0E-02 2.0E-02 8.5E-03 1.1E-02 3.3E-01 2.6E-03 
GG2 6.5E-02 9.9E-02 2.6E-02 1.6E-02 1.1E-02 1.0E-02 2.8E-01 4.1E-03 
GG3 7.3E-02 1.8E-01 4.9E-02 6.2E-03 2.0E-02 9.1E-03 2.0E-01 1.1E-02 
GG3 2.2E-03 1.2E-04 2.0E-04 4.6E-06 0.0E+00 6.1E-04 4.4E-01 2.4E-04 
GG3 7.2E-02 8.2E-02 9.9E-02 1.5E-02 1.2E-02 1.7E-02 2.6E-01 7.3E-03 
GG3 1.9E-03 5.7E-05 1.4E-04 0.0E+00 3.0E-05 1.6E-04 4.4E-01 0.0E+00 
GG3 1.2E-01 2.5E-02 8.8E-03 3.6E-02 2.3E-03 3.2E-02 2.8E-01 4.4E-04 
GG3 1.8E-03 3.7E-04 3.8E-04 6.3E-05 0.0E+00 2.5E-04 4.4E-01 2.1E-04 
GG3 1.0E-01 0.0E+00 5.1E-04 1.1E-01 1.0E-03 7.7E-03 3.0E-01 1.0E-03 
GG3 1.1E-03 3.3E-03 7.3E-04 5.2E-04 2.6E-04 3.8E-04 4.5E-01 3.5E-06 
GG3 3.8E-04 6.8E-04 6.0E-04 1.2E-05 0.0E+00 2.0E-04 4.5E-01 1.0E-04 
GG3 4.2E-02 1.4E-01 2.9E-02 1.9E-02 1.1E-02 3.5E-03 3.0E-01 2.3E-03 
GG3 6.5E-02 5.8E-02 2.8E-02 3.7E-02 1.0E-02 1.3E-02 3.2E-01 7.8E-03 
GG3 1.6E-02 6.5E-03 7.8E-03 1.1E-02 4.3E-03 6.3E-03 4.2E-01 4.5E-03 
GG3 5.3E-02 3.2E-02 2.9E-02 4.3E-02 6.0E-03 8.5E-03 3.2E-01 2.7E-02 
GG3 7.8E-03 4.4E-03 3.4E-03 5.3E-03 1.6E-03 2.6E-03 4.4E-01 2.5E-03 
GG3 3.5E-04 2.3E-04 1.5E-04 2.6E-04 1.4E-04 2.6E-04 4.6E-01 0.0E+00 
GG3 1.4E-03 3.6E-04 9.1E-04 7.3E-04 0.0E+00 3.0E-04 4.4E-01 4.9E-04 
GG3 7.1E-02 5.8E-02 2.6E-02 3.3E-02 1.9E-02 1.3E-02 3.0E-01 4.7E-03 
GG3 7.0E-02 1.1E-01 3.1E-02 2.2E-02 2.2E-02 1.1E-02 2.8E-01 3.7E-03 
GG3 1.2E-02 3.5E-04 4.3E-03 5.2E-03 1.1E-03 1.7E-03 4.7E-01 2.7E-04 
GG3 6.2E-02 2.7E-02 1.7E-02 3.0E-02 6.0E-03 1.8E-02 3.7E-01 2.1E-03 
GG3 8.6E-02 9.7E-02 2.6E-02 2.8E-02 9.1E-03 1.7E-02 2.6E-01 2.4E-03 
GG3 1.0E-01 0.0E+00 4.8E-04 1.1E-01 9.8E-04 7.8E-03 3.0E-01 2.9E-04 
GG3 4.4E-02 1.8E-02 1.1E-02 3.4E-02 4.9E-03 7.1E-03 3.8E-01 1.6E-03 
GG3 2.6E-04 2.8E-04 2.6E-04 1.9E-04 1.2E-04 2.6E-04 4.4E-01 4.3E-04 
GG3 6.7E-02 8.3E-02 3.0E-02 2.6E-02 1.8E-02 1.4E-02 2.8E-01 5.4E-03 
GG3 6.1E-03 1.8E-04 1.6E-04 1.6E-03 4.7E-04 1.3E-03 4.7E-01 0.0E+00 
GG3 8.4E-02 4.3E-02 1.3E-02 3.5E-02 5.7E-03 1.7E-02 3.0E-01 1.7E-03 
GG3 3.9E-03 3.1E-04 5.4E-04 8.0E-04 7.8E-04 1.1E-03 4.7E-01 0.0E+00 
GG3 2.1E-03 3.3E-04 3.3E-04 1.9E-04 0.0E+00 6.2E-04 4.4E-01 0.0E+00 
GG3 4.1E-02 2.2E-02 1.1E-02 2.2E-02 4.1E-03 8.6E-03 3.9E-01 2.4E-03 
GG3 2.4E-03 1.9E-03 4.1E-04 1.8E-04 0.0E+00 9.2E-04 4.5E-01 0.0E+00 
GG3 4.6E-02 3.3E-02 1.4E-02 2.7E-02 6.1E-03 1.0E-02 3.5E-01 5.5E-03 
GG3 6.3E-02 4.6E-02 2.1E-02 2.9E-02 9.1E-03 1.5E-02 3.1E-01 6.9E-03 
 
 
313 
ID Al Ca Fe K Mg Na Si Ti 
GG3 7.6E-02 6.0E-02 2.4E-02 2.8E-02 1.2E-02 1.7E-02 2.9E-01 1.0E-02 
GG3 9.3E-02 4.9E-02 2.6E-02 4.0E-02 1.0E-02 1.9E-02 2.7E-01 5.5E-03 
GG3 1.4E-02 7.4E-03 5.7E-03 1.3E-02 6.2E-04 5.3E-03 4.3E-01 6.8E-04 
GG3 7.5E-02 6.0E-02 1.8E-02 2.3E-02 8.4E-03 1.2E-02 3.2E-01 3.3E-03 
GG3 7.9E-02 6.6E-02 2.2E-02 2.6E-02 7.5E-03 1.2E-02 2.9E-01 5.4E-03 
GG3 7.6E-02 6.1E-02 2.0E-02 2.4E-02 6.1E-03 1.3E-02 3.1E-01 3.4E-03 
GG3 7.3E-02 6.2E-02 2.0E-02 2.3E-02 6.0E-03 1.3E-02 3.2E-01 3.7E-03 
GG3 6.4E-02 5.4E-02 1.7E-02 2.2E-02 5.1E-03 1.2E-02 3.4E-01 3.0E-03 
GG3 6.9E-02 5.8E-02 1.9E-02 2.2E-02 5.6E-03 1.2E-02 3.2E-01 3.5E-03 
GG3 6.9E-02 5.7E-02 1.8E-02 2.3E-02 5.4E-03 1.2E-02 3.2E-01 3.2E-03 
GG3 6.9E-02 5.3E-02 1.8E-02 3.0E-02 4.6E-03 1.0E-02 3.1E-01 3.0E-03 
GG3 7.3E-02 5.7E-02 1.8E-02 2.9E-02 5.2E-03 1.2E-02 3.1E-01 3.5E-03 
GG3 7.1E-02 6.2E-02 1.9E-02 2.2E-02 5.8E-03 1.3E-02 3.2E-01 3.4E-03 
GG3 6.4E-02 5.3E-02 1.7E-02 2.2E-02 4.9E-03 1.2E-02 3.4E-01 2.9E-03 
GG3 7.3E-02 6.0E-02 1.9E-02 2.2E-02 8.1E-03 1.2E-02 3.3E-01 3.3E-03 
GG3 7.8E-02 5.5E-02 1.9E-02 2.4E-02 7.9E-03 1.3E-02 3.3E-01 3.0E-03 
GG3 6.0E-02 4.8E-02 1.6E-02 2.3E-02 4.2E-03 1.1E-02 3.4E-01 2.7E-03 
GG3 7.7E-02 6.3E-02 2.0E-02 2.2E-02 8.2E-03 1.2E-02 3.1E-01 3.5E-03 
GG3 7.3E-02 5.5E-02 2.0E-02 2.5E-02 5.7E-03 1.3E-02 3.2E-01 2.8E-03 
GG3 7.4E-02 6.1E-02 1.9E-02 2.4E-02 5.7E-03 1.2E-02 3.2E-01 3.9E-03 
GG3 7.3E-02 7.1E-02 2.0E-02 2.1E-02 6.1E-03 1.2E-02 3.1E-01 3.3E-03 
GG3 6.1E-02 5.2E-02 1.7E-02 2.3E-02 4.9E-03 1.2E-02 3.4E-01 2.7E-03 
GG3 7.2E-02 5.4E-02 1.6E-02 2.3E-02 5.1E-03 1.3E-02 3.3E-01 2.9E-03 
GG3 8.0E-02 5.9E-02 1.7E-02 2.0E-02 7.7E-03 1.3E-02 3.2E-01 2.8E-03 
GG3 7.7E-02 6.1E-02 1.9E-02 2.1E-02 7.9E-03 1.2E-02 3.2E-01 3.6E-03 
GG3 7.1E-02 6.0E-02 1.8E-02 2.3E-02 5.4E-03 1.2E-02 3.2E-01 3.3E-03 
GG3 7.5E-02 5.3E-02 1.7E-02 2.2E-02 7.1E-03 1.3E-02 3.3E-01 2.9E-03 
GG3 2.2E-02 2.0E-02 6.9E-03 1.5E-02 8.2E-04 6.5E-03 4.2E-01 6.1E-04 
GG3 6.5E-02 5.4E-02 1.7E-02 2.2E-02 5.0E-03 1.2E-02 3.4E-01 2.9E-03 
GG3 7.3E-02 6.7E-02 2.1E-02 1.9E-02 8.7E-03 1.2E-02 3.2E-01 3.6E-03 
GG3 6.8E-02 6.1E-02 1.8E-02 2.0E-02 5.3E-03 1.2E-02 3.3E-01 3.8E-03 
GG3 7.0E-02 5.9E-02 1.9E-02 2.2E-02 5.9E-03 1.2E-02 3.3E-01 3.1E-03 
GG3 7.0E-02 6.0E-02 1.9E-02 2.1E-02 5.7E-03 1.2E-02 3.2E-01 3.6E-03 
GG3 6.8E-02 6.2E-02 1.9E-02 2.1E-02 5.6E-03 1.1E-02 3.1E-01 3.5E-03 
GG3 7.4E-02 5.8E-02 1.8E-02 2.0E-02 7.8E-03 1.3E-02 3.3E-01 2.9E-03 
GG3 7.1E-02 6.6E-02 2.1E-02 1.9E-02 8.5E-03 1.1E-02 3.2E-01 3.7E-03 
GG3 6.9E-02 6.0E-02 1.9E-02 2.0E-02 5.7E-03 1.2E-02 3.3E-01 3.8E-03 
GG3 3.1E-03 2.9E-03 1.3E-03 1.5E-03 9.7E-04 1.2E-03 4.8E-01 0.0E+00 
GG3 2.0E-02 1.7E-02 8.7E-03 1.5E-02 1.1E-03 5.7E-03 4.1E-01 3.2E-03 
 
 
314 
ID Al Ca Fe K Mg Na Si Ti 
GG3 7.0E-02 6.7E-02 2.0E-02 2.1E-02 6.6E-03 1.1E-02 3.2E-01 3.7E-03 
GG3 6.7E-02 6.5E-02 2.1E-02 2.1E-02 6.0E-03 1.1E-02 3.1E-01 3.7E-03 
GG3 1.4E-04 4.0E-04 0.0E+00 5.1E-04 0.0E+00 4.3E-04 4.5E-01 0.0E+00 
GG3 5.1E-02 4.4E-02 1.4E-02 2.0E-02 3.6E-03 1.1E-02 3.6E-01 2.3E-03 
GG3 5.2E-03 4.3E-03 3.6E-03 3.0E-03 1.6E-03 1.9E-03 4.6E-01 3.6E-04 
GG3 7.2E-02 6.4E-02 2.0E-02 1.8E-02 6.0E-03 1.3E-02 3.2E-01 3.7E-03 
GG3 1.7E-04 5.6E-04 2.9E-04 5.9E-04 0.0E+00 5.6E-04 4.5E-01 0.0E+00 
GG3 6.7E-02 5.5E-02 1.7E-02 2.1E-02 7.6E-03 1.3E-02 3.4E-01 3.1E-03 
GG3 7.1E-02 5.4E-02 1.8E-02 2.3E-02 5.0E-03 1.3E-02 3.2E-01 3.7E-03 
GG3 2.8E-03 2.7E-03 2.1E-03 1.4E-03 1.2E-03 1.4E-03 4.8E-01 0.0E+00 
GG3 7.1E-02 6.8E-02 2.0E-02 1.8E-02 8.6E-03 1.2E-02 3.2E-01 3.4E-03 
GG3 1.4E-02 1.0E-02 4.5E-03 8.7E-03 2.0E-03 4.2E-03 4.5E-01 3.7E-04 
GG3 6.8E-02 5.9E-02 1.8E-02 1.9E-02 5.2E-03 1.3E-02 3.3E-01 3.1E-03 
GG3 6.5E-02 5.6E-02 1.8E-02 2.0E-02 4.9E-03 1.2E-02 3.4E-01 3.9E-03 
GG3 6.4E-02 6.0E-02 1.7E-02 1.9E-02 5.3E-03 1.2E-02 3.3E-01 3.8E-03 
GG3 7.2E-02 6.3E-02 1.9E-02 2.2E-02 5.6E-03 1.2E-02 3.1E-01 3.5E-03 
GG3 6.6E-02 5.7E-02 1.7E-02 2.0E-02 5.4E-03 1.2E-02 3.4E-01 3.5E-03 
GG3 3.8E-02 3.0E-02 1.1E-02 1.9E-02 2.4E-03 8.9E-03 3.6E-01 1.8E-03 
GG3 6.3E-02 5.2E-02 1.7E-02 2.0E-02 4.9E-03 1.2E-02 3.5E-01 2.8E-03 
GG3 3.8E-02 2.8E-02 1.2E-02 2.2E-02 1.9E-03 7.5E-03 3.7E-01 1.8E-03 
GG3 6.8E-02 6.1E-02 1.8E-02 2.1E-02 5.5E-03 1.2E-02 3.3E-01 3.2E-03 
GG3 3.0E-03 1.3E-03 6.5E-04 2.4E-04 9.5E-05 8.8E-04 4.9E-01 0.0E+00 
GG3 6.8E-02 5.9E-02 1.8E-02 2.1E-02 5.1E-03 1.2E-02 3.3E-01 3.2E-03 
GG3 5.7E-02 4.4E-02 1.5E-02 2.3E-02 4.0E-03 1.2E-02 3.5E-01 2.3E-03 
GG3 6.2E-02 4.5E-02 1.4E-02 2.3E-02 4.1E-03 1.3E-02 3.4E-01 2.3E-03 
GG3 6.9E-02 5.7E-02 1.8E-02 2.2E-02 5.1E-03 1.3E-02 3.1E-01 3.0E-03 
GG3 6.4E-02 5.3E-02 1.7E-02 2.2E-02 4.7E-03 1.2E-02 3.4E-01 2.7E-03 
GG3 7.4E-02 6.4E-02 1.9E-02 2.2E-02 5.7E-03 1.3E-02 3.2E-01 3.6E-03 
GG3 7.3E-02 5.8E-02 1.7E-02 2.4E-02 5.0E-03 1.3E-02 3.2E-01 3.3E-03 
GG3 6.9E-02 5.7E-02 1.7E-02 2.2E-02 5.3E-03 1.3E-02 3.4E-01 3.2E-03 
GG3 7.0E-02 5.7E-02 1.8E-02 2.0E-02 5.2E-03 1.3E-02 3.3E-01 2.9E-03 
GG3 1.3E-04 2.5E-03 1.6E-03 1.5E-03 1.6E-04 3.6E-04 4.4E-01 1.5E-04 
GG3 3.3E-02 2.2E-02 9.8E-03 1.9E-02 1.6E-03 8.2E-03 4.0E-01 1.2E-03 
GG3 6.7E-02 5.8E-02 1.8E-02 2.3E-02 5.1E-03 1.2E-02 3.2E-01 2.9E-03 
GG3 3.1E-04 3.7E-04 3.9E-04 8.3E-04 1.7E-05 5.4E-04 4.5E-01 5.9E-05 
GG3 2.2E-02 1.7E-02 7.2E-03 1.5E-02 1.6E-03 6.3E-03 4.0E-01 9.5E-04 
GG3 6.3E-02 5.5E-02 1.8E-02 2.1E-02 5.2E-03 1.2E-02 3.3E-01 3.2E-03 
GG3 5.0E-05 0.0E+00 9.5E-05 1.6E-03 0.0E+00 6.1E-04 4.4E-01 0.0E+00 
GG3 5.9E-04 1.4E-04 3.1E-04 1.2E-03 0.0E+00 6.0E-04 4.5E-01 0.0E+00 
 
 
315 
ID Al Ca Fe K Mg Na Si Ti 
GG3 1.0E-04 1.5E-04 3.9E-04 1.2E-03 6.7E-04 1.0E-03 4.8E-01 0.0E+00 
GG3 5.4E-02 4.2E-02 1.4E-02 2.1E-02 3.5E-03 1.1E-02 3.5E-01 2.3E-03 
GG3 7.2E-02 6.2E-02 1.9E-02 2.1E-02 5.3E-03 1.3E-02 3.1E-01 3.4E-03 
GG3 6.9E-02 5.7E-02 1.9E-02 2.0E-02 5.6E-03 1.3E-02 3.3E-01 3.3E-03 
GG3 6.7E-02 6.3E-02 2.1E-02 2.0E-02 6.2E-03 1.3E-02 3.2E-01 4.3E-03 
GG3 6.6E-02 6.3E-02 1.9E-02 2.1E-02 5.7E-03 1.2E-02 3.2E-01 3.2E-03 
GG3 2.1E-02 1.6E-02 7.2E-03 1.5E-02 9.1E-04 6.5E-03 4.3E-01 8.4E-04 
GG3 1.9E-03 1.3E-03 4.3E-04 5.6E-04 1.4E-04 4.3E-04 4.4E-01 0.0E+00 
GG3 2.8E-03 5.0E-04 0.0E+00 8.3E-04 5.2E-05 5.1E-04 4.8E-01 1.6E-04 
GG3 6.7E-02 6.1E-02 1.9E-02 2.0E-02 5.6E-03 1.2E-02 3.2E-01 3.8E-03 
GG3 6.4E-02 5.7E-02 1.8E-02 1.9E-02 5.5E-03 1.2E-02 3.4E-01 3.3E-03 
GG3 4.0E-02 3.0E-02 1.0E-02 2.0E-02 2.2E-03 1.0E-02 3.9E-01 1.1E-03 
GG3 5.5E-03 3.6E-03 8.1E-03 4.5E-03 1.4E-03 3.0E-03 4.6E-01 4.8E-04 
GG3 9.7E-03 6.3E-03 4.6E-03 5.7E-03 1.9E-03 2.7E-03 4.5E-01 2.6E-04 
GG3 6.4E-02 6.0E-02 1.9E-02 2.0E-02 5.7E-03 1.2E-02 3.3E-01 3.6E-03 
GG3 6.5E-02 6.1E-02 1.9E-02 2.0E-02 5.7E-03 1.3E-02 3.3E-01 3.4E-03 
GG3 1.3E-02 9.1E-03 6.0E-03 9.1E-03 2.0E-03 4.4E-03 4.2E-01 7.8E-04 
GG3 6.8E-02 6.1E-02 2.1E-02 2.1E-02 6.2E-03 1.4E-02 3.2E-01 3.8E-03 
GG3 5.4E-02 5.2E-02 1.7E-02 2.3E-02 4.2E-03 1.1E-02 3.5E-01 2.8E-03 
GG3 6.5E-02 6.4E-02 2.2E-02 2.2E-02 5.0E-03 1.1E-02 3.0E-01 3.8E-03 
GG3 7.5E-02 5.9E-02 2.2E-02 2.2E-02 8.3E-03 1.6E-02 3.2E-01 4.0E-03 
GG3 7.8E-02 6.3E-02 2.2E-02 2.3E-02 6.3E-03 1.5E-02 3.1E-01 4.0E-03 
GG3 6.5E-02 4.2E-02 1.3E-02 2.2E-02 8.0E-03 2.1E-02 3.2E-01 2.7E-03 
GG3 4.9E-05 2.5E-04 5.3E-05 1.7E-03 1.3E-04 1.2E-03 4.7E-01 5.1E-05 
GG3 5.2E-02 3.5E-02 1.5E-02 2.4E-02 3.8E-03 1.3E-02 3.5E-01 3.7E-03 
GG3 7.4E-02 5.8E-02 1.9E-02 2.2E-02 6.0E-03 1.5E-02 3.2E-01 3.6E-03 
GG3 2.9E-03 2.3E-03 2.5E-03 1.9E-03 1.2E-03 1.3E-03 4.7E-01 3.6E-04 
GG3 6.6E-02 4.9E-02 1.7E-02 2.4E-02 4.9E-03 1.4E-02 3.3E-01 3.1E-03 
GG3 7.5E-02 6.3E-02 2.1E-02 2.3E-02 6.8E-03 1.4E-02 3.0E-01 3.2E-03 
GG3 7.5E-02 5.6E-02 1.9E-02 2.3E-02 8.7E-03 1.5E-02 3.2E-01 3.4E-03 
GG3 7.6E-02 6.2E-02 2.1E-02 2.4E-02 6.7E-03 1.4E-02 3.0E-01 3.4E-03 
GG3 8.0E-02 6.2E-02 2.1E-02 2.4E-02 8.5E-03 1.4E-02 3.0E-01 3.9E-03 
GG3 8.0E-03 8.8E-03 6.9E-03 8.3E-03 1.4E-03 4.3E-03 4.3E-01 1.4E-03 
GG3 7.0E-02 4.7E-02 1.8E-02 2.5E-02 5.1E-03 1.6E-02 3.3E-01 3.0E-03 
GG3 7.6E-02 6.0E-02 1.8E-02 2.4E-02 5.4E-03 1.4E-02 3.1E-01 3.2E-03 
GG3 1.8E-02 1.6E-02 8.7E-03 1.3E-02 1.2E-03 7.1E-03 4.1E-01 7.2E-04 
GG3 2.6E-03 1.5E-04 3.6E-04 1.5E-03 3.1E-04 7.6E-04 4.7E-01 1.8E-04 
GG3 7.0E-02 5.5E-02 1.7E-02 2.5E-02 4.8E-03 1.4E-02 3.2E-01 3.1E-03 
GG3 7.5E-02 5.7E-02 1.8E-02 2.3E-02 5.0E-03 1.4E-02 3.1E-01 2.8E-03 
 
 
316 
ID Al Ca Fe K Mg Na Si Ti 
GG3 7.4E-02 5.4E-02 1.8E-02 2.3E-02 7.8E-03 1.4E-02 3.3E-01 3.3E-03 
GG3 7.1E-02 6.0E-02 1.9E-02 2.3E-02 5.7E-03 1.4E-02 3.1E-01 3.4E-03 
GG3 6.7E-02 5.9E-02 2.0E-02 2.5E-02 6.6E-03 1.4E-02 3.0E-01 4.2E-03 
GG3 6.7E-02 4.8E-02 2.0E-02 2.5E-02 8.9E-03 1.6E-02 3.4E-01 4.2E-03 
GG3 7.6E-02 5.6E-02 2.2E-02 2.4E-02 9.0E-03 1.6E-02 3.1E-01 4.2E-03 
GG3 5.5E-02 3.6E-02 1.5E-02 2.5E-02 6.7E-03 1.4E-02 3.6E-01 2.7E-03 
GG3 7.2E-02 5.9E-02 1.9E-02 2.2E-02 5.8E-03 1.4E-02 3.2E-01 3.4E-03 
GG3 6.6E-02 4.8E-02 1.9E-02 2.6E-02 6.0E-03 1.4E-02 3.2E-01 4.1E-03 
GG3 6.1E-02 4.7E-02 2.0E-02 2.6E-02 5.8E-03 1.4E-02 3.2E-01 4.7E-03 
GG3 6.8E-02 5.0E-02 2.0E-02 2.5E-02 6.2E-03 1.4E-02 3.2E-01 4.2E-03 
GG3 7.4E-02 5.0E-02 2.0E-02 2.5E-02 8.2E-03 1.5E-02 3.2E-01 4.4E-03 
GG3 7.5E-02 6.6E-02 2.0E-02 2.2E-02 6.0E-03 1.4E-02 3.1E-01 3.4E-03 
GG3 7.4E-02 5.8E-02 2.0E-02 2.4E-02 6.0E-03 1.4E-02 3.2E-01 3.1E-03 
GG3 2.9E-03 3.2E-04 1.9E-04 1.0E-03 8.8E-04 1.2E-03 4.8E-01 2.1E-04 
GG3 7.5E-02 5.4E-02 1.8E-02 2.7E-02 5.3E-03 1.4E-02 3.1E-01 3.0E-03 
GG3 7.9E-02 5.3E-02 1.9E-02 2.6E-02 8.5E-03 1.5E-02 3.2E-01 3.1E-03 
GG3 7.6E-02 6.4E-02 2.0E-02 2.4E-02 8.3E-03 1.3E-02 3.1E-01 3.8E-03 
GG3 6.7E-02 4.5E-02 1.6E-02 2.7E-02 4.4E-03 1.3E-02 3.4E-01 2.9E-03 
GG3 7.0E-02 5.1E-02 1.9E-02 2.5E-02 5.1E-03 1.3E-02 3.3E-01 3.0E-03 
GG3 6.5E-02 5.0E-02 1.6E-02 2.3E-02 4.9E-03 1.4E-02 3.3E-01 2.6E-03 
GG3 1.9E-04 1.6E-04 4.1E-04 1.8E-04 0.0E+00 2.1E-04 4.4E-01 0.0E+00 
GG3 1.7E-04 2.6E-04 6.6E-05 0.0E+00 0.0E+00 2.6E-04 4.5E-01 1.4E-04 
GG3 1.2E-02 1.2E-02 5.6E-03 6.5E-03 2.3E-03 4.4E-03 4.6E-01 2.8E-04 
GG3 2.9E-03 1.5E-04 1.8E-04 7.4E-05 3.4E-05 4.3E-04 4.8E-01 1.5E-04 
GG3 6.6E-03 4.4E-03 1.7E-03 3.9E-03 8.6E-04 2.2E-03 4.6E-01 1.8E-04 
GG3 2.8E-03 1.8E-04 2.2E-04 8.2E-04 7.7E-05 9.9E-04 4.8E-01 0.0E+00 
GG3 4.4E-03 3.2E-03 1.5E-03 2.6E-03 1.1E-03 2.1E-03 4.7E-01 2.8E-04 
GG3 5.7E-02 4.6E-02 1.4E-02 2.0E-02 3.6E-03 1.1E-02 3.6E-01 2.5E-03 
GG3 4.1E-03 3.7E-03 2.4E-03 2.3E-03 1.2E-03 1.4E-03 4.7E-01 0.0E+00 
GG3 4.7E-02 4.5E-02 1.2E-02 1.9E-02 3.1E-03 1.1E-02 3.6E-01 2.1E-03 
GG3 6.4E-02 5.3E-02 1.4E-02 2.0E-02 3.9E-03 1.1E-02 3.3E-01 3.0E-03 
GG3 6.1E-02 5.3E-02 1.5E-02 1.9E-02 4.4E-03 1.2E-02 3.5E-01 2.6E-03 
GG3 3.8E-02 3.1E-02 9.9E-03 1.8E-02 2.3E-03 8.5E-03 3.9E-01 2.0E-03 
GG3 4.9E-02 4.3E-02 1.4E-02 2.2E-02 3.5E-03 1.1E-02 3.5E-01 2.0E-03 
GG3 4.5E-02 4.3E-02 1.5E-02 2.1E-02 3.9E-03 1.1E-02 3.6E-01 1.9E-03 
GG3 5.3E-02 4.4E-02 1.4E-02 2.2E-02 3.7E-03 1.2E-02 3.4E-01 2.3E-03 
GG3 5.3E-02 4.5E-02 1.4E-02 2.1E-02 3.7E-03 1.2E-02 3.6E-01 2.4E-03 
GG3 1.9E-02 1.8E-02 7.4E-03 1.3E-02 1.0E-03 6.5E-03 4.3E-01 8.7E-04 
GG3 6.4E-02 6.4E-02 1.8E-02 2.0E-02 5.5E-03 1.2E-02 3.2E-01 3.3E-03 
 
 
317 
ID Al Ca Fe K Mg Na Si Ti 
GG3 6.3E-02 5.7E-02 1.7E-02 2.0E-02 5.1E-03 1.3E-02 3.4E-01 2.7E-03 
GG3 6.9E-02 6.1E-02 1.8E-02 2.1E-02 5.4E-03 1.3E-02 3.2E-01 3.1E-03 
GG3 7.0E-02 5.7E-02 1.8E-02 2.0E-02 5.4E-03 1.4E-02 3.3E-01 3.0E-03 
GG3 7.3E-02 5.8E-02 1.8E-02 1.9E-02 7.4E-03 1.3E-02 3.3E-01 2.8E-03 
GG3 6.9E-02 5.1E-02 1.5E-02 2.2E-02 4.3E-03 1.3E-02 3.3E-01 2.8E-03 
GG3 7.0E-05 1.0E-03 2.6E-04 7.6E-04 1.9E-04 1.0E-03 4.7E-01 1.7E-04 
GG3 3.5E-02 2.6E-02 1.0E-02 2.2E-02 1.9E-03 8.5E-03 3.7E-01 1.4E-03 
GG3 8.6E-05 2.1E-04 7.0E-05 3.6E-04 0.0E+00 3.0E-04 4.4E-01 2.3E-04 
GG3 3.9E-03 1.7E-03 2.2E-03 1.5E-03 9.4E-04 1.3E-03 4.8E-01 2.4E-05 
GG3 2.5E-03 0.0E+00 3.1E-04 7.7E-04 1.9E-04 4.2E-04 4.7E-01 0.0E+00 
GG3 6.5E-03 3.0E-03 3.3E-03 4.0E-03 1.4E-03 2.2E-03 4.7E-01 1.4E-03 
GG3 2.9E-03 2.9E-03 2.7E-03 1.7E-03 1.2E-03 1.2E-03 4.7E-01 2.7E-04 
GG3 1.5E-02 9.7E-03 3.8E-03 1.0E-02 2.0E-03 4.1E-03 4.6E-01 5.1E-04 
GG3 4.5E-05 2.9E-04 3.6E-04 1.2E-03 3.9E-05 5.0E-04 4.4E-01 7.8E-05 
GG3 2.9E-03 3.1E-03 1.4E-03 1.3E-03 1.0E-03 1.3E-03 4.8E-01 2.7E-04 
GG3 2.8E-03 1.4E-04 0.0E+00 6.9E-04 1.5E-04 9.3E-04 4.8E-01 0.0E+00 
GG3 2.5E-02 1.9E-02 7.9E-03 1.8E-02 1.7E-03 6.8E-03 4.1E-01 1.1E-03 
GG3 3.4E-02 2.9E-02 1.2E-02 2.1E-02 2.4E-03 8.4E-03 3.9E-01 2.3E-03 
GG3 2.7E-03 2.7E-04 4.4E-04 7.9E-04 6.3E-04 6.2E-04 4.8E-01 2.6E-04 
GG3 6.9E-02 5.7E-02 1.6E-02 2.0E-02 5.1E-03 1.3E-02 3.2E-01 2.7E-03 
GG3 2.6E-03 3.1E-04 2.7E-04 6.0E-04 9.0E-06 5.4E-04 4.7E-01 0.0E+00 
GG3 7.4E-02 5.6E-02 1.8E-02 2.7E-02 5.8E-03 1.3E-02 3.1E-01 3.7E-03 
GG3 7.5E-02 5.9E-02 1.8E-02 2.5E-02 5.5E-03 1.3E-02 3.2E-01 3.2E-03 
GG3 7.2E-02 6.5E-02 1.9E-02 2.2E-02 5.5E-03 1.2E-02 3.1E-01 3.0E-03 
GG3 7.1E-02 6.5E-02 1.9E-02 2.2E-02 5.5E-03 1.3E-02 3.1E-01 3.3E-03 
GG3 7.2E-02 5.7E-02 1.7E-02 2.8E-02 5.4E-03 1.2E-02 3.3E-01 2.7E-03 
GG3 7.6E-02 5.2E-02 1.7E-02 3.1E-02 4.9E-03 1.3E-02 3.1E-01 3.3E-03 
GG3 7.7E-02 5.4E-02 1.7E-02 2.9E-02 4.9E-03 1.3E-02 3.2E-01 3.1E-03 
GG3 7.9E-02 4.6E-02 1.5E-02 3.7E-02 4.4E-03 1.4E-02 3.2E-01 2.6E-03 
GG3 3.2E-02 2.4E-02 8.9E-03 2.5E-02 1.9E-03 7.2E-03 3.8E-01 1.0E-03 
GG3 7.7E-02 7.0E-02 2.1E-02 2.3E-02 8.9E-03 1.2E-02 3.1E-01 3.4E-03 
GG3 7.4E-02 6.8E-02 1.9E-02 2.4E-02 5.9E-03 1.2E-02 3.1E-01 3.4E-03 
GG3 2.1E-03 1.1E-03 1.4E-03 2.1E-03 3.2E-04 6.2E-04 4.7E-01 7.1E-05 
GG3 5.6E-04 1.1E-04 7.3E-06 1.6E-03 0.0E+00 5.0E-04 4.4E-01 0.0E+00 
GG3 7.4E-02 5.6E-02 1.8E-02 2.6E-02 5.3E-03 1.3E-02 3.2E-01 3.4E-03 
GG3 8.9E-02 5.7E-02 1.9E-02 3.1E-02 6.3E-03 1.5E-02 3.0E-01 3.8E-03 
GG3 7.6E-02 5.3E-02 1.9E-02 2.9E-02 5.8E-03 1.3E-02 3.2E-01 3.3E-03 
GG3 3.2E-02 2.1E-02 1.2E-02 2.3E-02 2.1E-03 7.0E-03 3.8E-01 2.8E-03 
GG3 7.2E-02 5.6E-02 1.8E-02 2.6E-02 5.3E-03 1.3E-02 3.2E-01 2.9E-03 
 
 
318 
ID Al Ca Fe K Mg Na Si Ti 
GG3 7.4E-02 7.8E-02 2.2E-02 2.1E-02 7.1E-03 1.1E-02 3.0E-01 3.9E-03 
GG3 7.0E-02 3.3E-02 1.4E-02 5.7E-02 6.8E-03 1.0E-02 3.1E-01 2.8E-03 
GG3 7.2E-02 3.5E-02 1.9E-02 5.3E-02 8.7E-03 1.1E-02 3.1E-01 3.6E-03 
GG3 9.0E-03 3.5E-03 4.6E-03 5.7E-03 1.9E-03 2.8E-03 4.7E-01 1.1E-04 
GG3 7.2E-02 7.7E-02 2.4E-02 2.7E-02 1.3E-02 1.6E-02 2.9E-01 2.9E-03 
GG3 4.7E-04 1.7E-04 5.5E-04 0.0E+00 7.7E-06 2.0E-04 4.6E-01 5.6E-05 
GG3 7.8E-02 7.8E-02 3.9E-02 2.2E-02 2.1E-02 1.8E-02 2.8E-01 3.2E-03 
GG3 5.7E-02 7.1E-02 5.3E-02 2.3E-02 8.6E-03 1.1E-02 2.8E-01 4.3E-03 
GG3 1.1E-04 1.7E-04 7.4E-04 0.0E+00 0.0E+00 2.7E-04 4.5E-01 0.0E+00 
GG3 9.9E-02 7.0E-04 1.7E-04 9.2E-02 9.2E-04 1.9E-02 3.0E-01 5.5E-04 
GG3 1.9E-04 0.0E+00 6.5E-04 4.0E-04 0.0E+00 3.8E-04 4.5E-01 0.0E+00 
GG3 2.0E-04 1.8E-04 2.5E-04 3.9E-04 0.0E+00 1.8E-04 4.5E-01 0.0E+00 
GG3 1.2E-01 3.5E-02 1.4E-02 4.2E-02 2.9E-03 2.5E-02 2.9E-01 4.3E-05 
GG3 2.3E-04 2.1E-04 6.9E-04 1.7E-04 0.0E+00 4.7E-05 4.5E-01 0.0E+00 
GG3 1.4E-02 5.8E-03 7.6E-03 8.0E-03 1.6E-03 6.2E-03 4.6E-01 2.0E-03 
GG3 9.1E-02 3.3E-02 2.0E-02 4.2E-02 1.2E-02 2.3E-02 3.0E-01 3.6E-03 
GG3 5.4E-02 5.9E-02 1.6E-02 1.8E-02 5.3E-03 1.0E-02 3.2E-01 2.2E-03 
GG3 1.7E-05 1.3E-04 1.3E-04 5.3E-05 1.9E-05 2.7E-04 4.5E-01 1.8E-04 
GG3 1.3E-04 7.7E-05 4.3E-04 2.7E-04 0.0E+00 1.5E-04 4.5E-01 2.9E-05 
GG3 9.7E-02 8.5E-02 3.1E-02 3.9E-02 1.0E-02 1.1E-02 2.6E-01 4.0E-03 
GG3 1.0E-02 9.5E-03 5.3E-03 6.6E-03 7.6E-04 2.0E-03 4.6E-01 6.7E-04 
GG3 5.4E-02 4.6E-02 2.1E-02 4.0E-02 1.2E-02 1.3E-02 3.3E-01 1.7E-03 
GG3 8.5E-02 8.1E-02 3.6E-02 2.9E-02 1.8E-02 1.2E-02 2.8E-01 6.8E-03 
GG3 9.5E-02 4.2E-02 1.5E-02 3.6E-02 7.1E-03 2.2E-02 2.9E-01 1.6E-03 
GG3 9.7E-02 3.7E-02 2.3E-02 4.1E-02 1.0E-02 2.3E-02 2.8E-01 4.2E-03 
GG3 3.5E-03 1.5E-03 3.4E-04 1.6E-05 0.0E+00 2.9E-03 4.6E-01 4.9E-05 
GG3 2.2E-03 2.7E-04 4.0E-04 2.9E-04 4.4E-05 6.1E-04 4.4E-01 1.7E-04 
GG3 4.9E-02 3.7E-02 1.7E-02 3.0E-02 7.6E-03 1.5E-02 3.3E-01 2.0E-03 
GG3 3.2E-03 7.7E-04 4.2E-04 8.5E-04 2.6E-04 1.4E-03 4.5E-01 0.0E+00 
GG3 1.0E-01 3.6E-02 1.5E-02 4.2E-02 6.5E-03 2.1E-02 2.9E-01 1.8E-03 
GG3 1.6E-02 4.5E-03 6.5E-03 1.4E-02 3.0E-03 4.5E-03 4.3E-01 6.3E-04 
GG3 8.3E-02 3.4E-02 1.4E-02 4.1E-02 5.9E-03 1.9E-02 3.0E-01 2.4E-03 
GG3 8.2E-02 7.1E-02 2.3E-02 2.9E-02 9.7E-03 1.4E-02 2.7E-01 3.5E-03 
GG3 7.5E-02 5.2E-02 1.7E-02 2.7E-02 7.0E-03 1.3E-02 3.0E-01 3.4E-03 
GG3 7.4E-02 5.0E-02 1.7E-02 2.4E-02 7.5E-03 1.3E-02 3.1E-01 3.1E-03 
GG3 6.4E-02 4.6E-02 1.7E-02 2.6E-02 6.3E-03 1.3E-02 3.2E-01 3.3E-03 
GG3 5.7E-02 2.6E-02 1.2E-02 3.2E-02 3.5E-03 9.6E-03 3.5E-01 1.7E-03 
GG3 7.2E-02 5.8E-02 1.8E-02 2.2E-02 5.3E-03 1.3E-02 3.2E-01 3.0E-03 
GG3 6.7E-02 5.4E-02 1.7E-02 2.2E-02 5.1E-03 1.3E-02 3.3E-01 3.0E-03 
 
 
319 
ID Al Ca Fe K Mg Na Si Ti 
GG3 6.6E-02 5.3E-02 1.6E-02 2.2E-02 7.0E-03 1.3E-02 3.4E-01 2.8E-03 
GG3 1.6E-04 2.4E-04 5.9E-04 9.7E-04 0.0E+00 4.7E-04 4.4E-01 0.0E+00 
GG3 7.7E-02 6.0E-02 1.9E-02 2.1E-02 8.4E-03 1.3E-02 3.3E-01 2.9E-03 
GG3 7.4E-02 5.5E-02 1.8E-02 2.4E-02 5.4E-03 1.4E-02 3.3E-01 2.6E-03 
GG3 6.4E-02 5.0E-02 1.7E-02 2.4E-02 4.7E-03 1.3E-02 3.3E-01 2.8E-03 
GG3 7.5E-02 6.5E-02 1.8E-02 2.3E-02 5.6E-03 1.3E-02 3.1E-01 3.1E-03 
GG3 7.5E-02 5.8E-02 1.9E-02 2.4E-02 6.0E-03 1.3E-02 3.2E-01 3.1E-03 
GG3 7.3E-02 5.8E-02 1.8E-02 2.5E-02 5.6E-03 1.3E-02 3.2E-01 3.3E-03 
GG3 7.3E-02 6.1E-02 1.8E-02 2.3E-02 5.3E-03 1.3E-02 3.2E-01 3.1E-03 
GG3 8.5E-03 7.1E-03 5.8E-03 6.3E-03 2.2E-03 2.8E-03 4.5E-01 4.1E-04 
GG3 6.4E-02 5.7E-02 1.7E-02 2.3E-02 4.9E-03 1.3E-02 3.3E-01 2.9E-03 
GG3 5.6E-04 0.0E+00 4.8E-04 5.9E-04 0.0E+00 5.6E-04 4.6E-01 0.0E+00 
GG3 6.6E-02 5.2E-02 1.7E-02 2.6E-02 5.2E-03 1.3E-02 3.3E-01 2.8E-03 
GG3 7.6E-02 6.1E-02 1.8E-02 2.4E-02 5.7E-03 1.3E-02 3.2E-01 2.8E-03 
GG3 7.2E-02 6.2E-02 1.9E-02 2.3E-02 5.5E-03 1.2E-02 3.1E-01 2.9E-03 
GG3 7.2E-02 6.4E-02 1.9E-02 2.1E-02 5.7E-03 1.3E-02 3.2E-01 2.7E-03 
GG3 7.1E-02 6.3E-02 1.8E-02 2.1E-02 5.5E-03 1.3E-02 3.2E-01 3.5E-03 
GG3 7.5E-02 6.4E-02 2.1E-02 2.1E-02 6.4E-03 1.3E-02 3.1E-01 3.9E-03 
GG3 6.2E-02 4.5E-02 1.5E-02 2.2E-02 6.6E-03 1.3E-02 3.5E-01 2.5E-03 
GG3 6.8E-02 5.4E-02 1.6E-02 2.0E-02 7.4E-03 1.4E-02 3.3E-01 2.8E-03 
GG3 6.5E-02 5.4E-02 1.6E-02 2.1E-02 4.8E-03 1.4E-02 3.2E-01 2.8E-03 
GG3 7.8E-02 6.3E-02 2.0E-02 2.1E-02 8.4E-03 1.3E-02 3.2E-01 3.0E-03 
GG3 6.7E-02 5.5E-02 1.7E-02 2.2E-02 5.1E-03 1.3E-02 3.3E-01 3.1E-03 
GG3 2.5E-02 1.8E-02 7.8E-03 1.7E-02 1.4E-03 7.3E-03 4.1E-01 1.1E-03 
GG3 7.0E-02 5.8E-02 1.7E-02 2.0E-02 5.4E-03 1.3E-02 3.2E-01 2.6E-03 
GG3 7.5E-02 6.3E-02 1.9E-02 2.0E-02 5.9E-03 1.3E-02 3.2E-01 3.2E-03 
GG3 7.1E-02 6.1E-02 1.9E-02 2.2E-02 5.6E-03 1.3E-02 3.2E-01 3.2E-03 
GG3 7.2E-02 6.2E-02 2.0E-02 2.2E-02 5.9E-03 1.3E-02 3.2E-01 3.3E-03 
GG3 8.1E-02 6.9E-02 2.1E-02 2.1E-02 8.6E-03 1.3E-02 3.1E-01 3.3E-03 
GG3 6.4E-02 5.1E-02 1.7E-02 2.3E-02 4.5E-03 1.3E-02 3.4E-01 2.9E-03 
GG3 1.4E-04 2.9E-04 5.5E-04 1.5E-03 2.7E-05 4.9E-04 4.5E-01 1.4E-04 
GG3 6.8E-02 5.6E-02 1.8E-02 2.0E-02 5.1E-03 1.3E-02 3.3E-01 2.9E-03 
GG3 7.3E-02 5.7E-02 1.8E-02 2.1E-02 7.8E-03 1.3E-02 3.3E-01 3.4E-03 
GG3 7.0E-02 5.9E-02 1.8E-02 2.1E-02 5.8E-03 1.3E-02 3.2E-01 2.9E-03 
GG3 6.9E-02 6.0E-02 1.8E-02 2.0E-02 5.6E-03 1.3E-02 3.2E-01 3.2E-03 
GG3 6.9E-02 6.0E-02 1.8E-02 2.1E-02 5.2E-03 1.3E-02 3.2E-01 2.9E-03 
GG3 8.3E-02 5.8E-02 1.7E-02 2.2E-02 4.9E-03 1.5E-02 3.1E-01 3.0E-03 
GG3 5.6E-02 4.3E-02 1.4E-02 2.2E-02 3.8E-03 1.3E-02 3.4E-01 2.6E-03 
GG3 7.2E-02 5.8E-02 1.8E-02 2.1E-02 5.6E-03 1.4E-02 3.1E-01 3.0E-03 
 
 
320 
ID Al Ca Fe K Mg Na Si Ti 
GG3 8.1E-02 6.4E-02 2.2E-02 2.0E-02 9.7E-03 1.5E-02 3.1E-01 3.9E-03 
GG3 6.6E-02 4.9E-02 1.8E-02 2.1E-02 8.6E-03 1.5E-02 3.4E-01 3.2E-03 
GG3 6.5E-02 5.4E-02 1.6E-02 2.2E-02 4.7E-03 1.3E-02 3.3E-01 2.9E-03 
GG3 6.9E-03 5.7E-03 3.5E-03 4.2E-03 2.0E-03 2.7E-03 4.6E-01 2.8E-04 
GG3 7.2E-02 5.9E-02 1.8E-02 2.1E-02 5.4E-03 1.4E-02 3.2E-01 3.0E-03 
GG3 7.3E-02 5.8E-02 1.8E-02 2.1E-02 5.6E-03 1.4E-02 3.2E-01 3.3E-03 
GG3 7.3E-02 6.0E-02 1.9E-02 2.1E-02 5.8E-03 1.4E-02 3.1E-01 3.3E-03 
GG3 7.7E-02 5.8E-02 1.8E-02 2.2E-02 8.5E-03 1.5E-02 3.2E-01 3.1E-03 
GG3 7.7E-02 5.5E-02 1.7E-02 2.4E-02 8.3E-03 1.5E-02 3.2E-01 3.5E-03 
GG3 7.5E-02 6.0E-02 1.9E-02 2.1E-02 5.8E-03 1.3E-02 3.2E-01 3.3E-03 
GG3 7.0E-02 5.8E-02 1.8E-02 2.1E-02 5.4E-03 1.3E-02 3.2E-01 3.5E-03 
GG3 6.9E-02 5.1E-02 1.7E-02 2.2E-02 5.1E-03 1.4E-02 3.3E-01 3.1E-03 
GG3 7.0E-02 5.6E-02 1.8E-02 2.2E-02 5.2E-03 1.4E-02 3.2E-01 3.1E-03 
GG3 7.4E-02 6.0E-02 1.9E-02 2.2E-02 6.0E-03 1.4E-02 3.1E-01 3.4E-03 
GG3 7.9E-02 6.0E-02 1.9E-02 2.0E-02 5.6E-03 1.4E-02 3.1E-01 3.0E-03 
GG3 4.7E-02 3.8E-02 1.3E-02 2.0E-02 3.1E-03 1.2E-02 3.7E-01 2.1E-03 
GG3 2.8E-02 2.3E-02 8.9E-03 1.7E-02 1.4E-03 8.3E-03 3.9E-01 1.1E-03 
GG3 4.6E-02 4.8E-02 1.1E-02 1.5E-02 2.9E-03 1.1E-02 3.6E-01 1.8E-03 
GG3 1.5E-02 1.4E-02 4.9E-03 8.7E-03 2.0E-03 5.1E-03 4.3E-01 4.4E-04 
GG3 4.6E-02 4.0E-02 1.3E-02 2.1E-02 3.2E-03 1.3E-02 3.6E-01 1.8E-03 
GG3 6.4E-02 4.2E-02 1.5E-02 2.9E-02 4.6E-03 1.4E-02 3.3E-01 2.4E-03 
GG3 7.3E-02 5.6E-02 1.9E-02 2.5E-02 5.9E-03 1.5E-02 3.1E-01 3.1E-03 
GG3 7.0E-02 4.8E-02 1.8E-02 2.6E-02 5.3E-03 1.7E-02 3.2E-01 3.3E-03 
GG3 8.6E-02 5.0E-02 1.6E-02 3.0E-02 5.0E-03 1.6E-02 3.1E-01 2.5E-03 
GG3 7.0E-02 2.9E-02 1.0E-02 3.5E-02 2.9E-03 1.5E-02 3.3E-01 1.9E-03 
GG3 6.4E-02 3.9E-02 1.5E-02 3.1E-02 4.2E-03 1.4E-02 3.4E-01 2.6E-03 
GG3 8.1E-02 5.8E-02 1.9E-02 2.6E-02 8.7E-03 1.5E-02 3.1E-01 3.4E-03 
GG3 8.5E-02 4.5E-02 1.8E-02 2.6E-02 8.1E-03 2.1E-02 3.2E-01 2.9E-03 
GG3 7.3E-02 5.0E-02 1.8E-02 2.8E-02 5.6E-03 1.5E-02 3.2E-01 3.5E-03 
GG3 7.6E-02 5.0E-02 1.8E-02 2.6E-02 5.9E-03 1.8E-02 3.1E-01 3.4E-03 
GG3 7.9E-02 4.6E-02 1.9E-02 2.6E-02 7.8E-03 1.9E-02 3.2E-01 2.9E-03 
GG3 1.0E-01 3.6E-02 1.2E-02 2.9E-02 6.3E-03 2.5E-02 3.1E-01 1.4E-03 
GG3 5.6E-02 4.1E-02 1.5E-02 2.6E-02 4.3E-03 1.3E-02 3.3E-01 2.4E-03 
GG3 7.0E-02 5.1E-02 1.8E-02 2.6E-02 5.6E-03 1.5E-02 3.2E-01 3.5E-03 
GG3 7.7E-02 3.1E-02 1.4E-02 3.0E-02 6.5E-03 2.1E-02 3.3E-01 3.1E-03 
GG3 9.7E-02 3.3E-02 1.2E-02 3.2E-02 3.3E-03 2.5E-02 3.0E-01 1.7E-03 
GG3 6.6E-02 4.8E-02 1.8E-02 2.5E-02 5.3E-03 1.5E-02 3.3E-01 3.1E-03 
GG3 5.6E-02 3.2E-02 1.4E-02 2.8E-02 4.2E-03 1.6E-02 3.4E-01 2.3E-03 
GG3 4.4E-02 1.8E-02 9.6E-03 2.6E-02 2.1E-03 1.4E-02 3.8E-01 1.5E-03 
 
 
321 
ID Al Ca Fe K Mg Na Si Ti 
GG3 8.2E-02 4.4E-02 1.5E-02 2.9E-02 4.2E-03 2.0E-02 3.1E-01 2.3E-03 
GG3 8.6E-02 4.8E-02 1.7E-02 2.6E-02 7.9E-03 1.9E-02 3.1E-01 2.6E-03 
GG3 8.1E-02 4.8E-02 1.7E-02 2.6E-02 6.9E-03 1.8E-02 3.1E-01 3.3E-03 
GG3 7.8E-02 5.2E-02 1.8E-02 2.5E-02 7.7E-03 1.6E-02 3.1E-01 3.0E-03 
GG3 1.0E-01 2.7E-02 1.1E-02 3.2E-02 2.6E-03 2.7E-02 3.0E-01 1.1E-03 
GG3 7.6E-02 3.8E-02 1.7E-02 2.8E-02 5.0E-03 2.1E-02 3.2E-01 2.9E-03 
GG3 6.8E-02 2.9E-02 1.1E-02 3.0E-02 2.8E-03 1.9E-02 3.4E-01 2.0E-03 
GG3 8.4E-02 4.9E-02 1.7E-02 2.6E-02 7.8E-03 1.8E-02 3.1E-01 2.3E-03 
GG3 8.7E-02 3.1E-02 1.3E-02 3.2E-02 3.1E-03 2.3E-02 3.1E-01 2.1E-03 
GG3 7.9E-02 4.5E-02 1.8E-02 2.5E-02 7.6E-03 2.0E-02 3.2E-01 3.0E-03 
GG3 8.4E-02 4.8E-02 1.8E-02 2.6E-02 5.5E-03 2.0E-02 3.1E-01 2.7E-03 
GG3 8.1E-02 4.3E-02 1.5E-02 2.8E-02 4.5E-03 1.9E-02 3.2E-01 2.4E-03 
GG3 7.6E-02 4.7E-02 1.7E-02 2.6E-02 5.1E-03 1.8E-02 3.2E-01 3.1E-03 
GG3 7.3E-02 4.9E-02 1.8E-02 2.6E-02 5.3E-03 1.8E-02 3.2E-01 3.3E-03 
GG3 5.6E-02 3.7E-02 1.4E-02 2.5E-02 4.3E-03 1.7E-02 3.5E-01 2.9E-03 
GG3 7.2E-02 5.4E-02 1.9E-02 2.3E-02 5.8E-03 1.8E-02 3.2E-01 3.7E-03 
GG3 3.2E-03 3.1E-03 3.1E-03 2.7E-03 1.2E-03 2.1E-03 4.6E-01 0.0E+00 
GG3 7.5E-02 6.3E-02 2.1E-02 2.2E-02 6.4E-03 1.6E-02 3.0E-01 4.4E-03 
GG3 7.0E-02 5.7E-02 2.1E-02 2.4E-02 5.8E-03 1.5E-02 3.1E-01 4.0E-03 
GG3 6.6E-02 3.7E-02 1.6E-02 2.6E-02 6.6E-03 1.6E-02 3.5E-01 2.3E-03 
GG3 6.7E-02 4.3E-02 1.7E-02 2.8E-02 4.8E-03 1.7E-02 3.3E-01 3.1E-03 
GG3 7.8E-02 5.0E-02 1.8E-02 2.5E-02 7.8E-03 1.7E-02 3.2E-01 3.4E-03 
GG3 4.8E-02 3.3E-02 1.2E-02 2.3E-02 2.9E-03 1.4E-02 3.7E-01 1.9E-03 
GG3 5.1E-02 3.6E-02 1.3E-02 2.9E-02 3.2E-03 1.4E-02 3.5E-01 2.3E-03 
GG3 2.7E-03 2.9E-03 7.9E-04 1.1E-03 1.1E-03 2.4E-03 4.4E-01 5.4E-05 
GG3 5.9E-02 3.2E-02 1.3E-02 2.8E-02 3.3E-03 1.6E-02 3.5E-01 2.2E-03 
GG3 7.8E-02 5.1E-02 1.8E-02 2.7E-02 5.0E-03 1.8E-02 3.0E-01 3.8E-03 
GG3 6.1E-02 3.3E-02 1.2E-02 2.8E-02 3.3E-03 1.7E-02 3.4E-01 2.2E-03 
GG3 8.4E-02 5.0E-02 1.7E-02 2.7E-02 7.4E-03 1.7E-02 3.1E-01 2.8E-03 
GG3 6.4E-02 3.3E-02 1.4E-02 2.7E-02 3.7E-03 1.8E-02 3.5E-01 2.7E-03 
GG3 8.3E-02 4.5E-02 1.8E-02 2.7E-02 7.5E-03 2.1E-02 3.2E-01 2.8E-03 
GG3 8.4E-02 4.8E-02 1.7E-02 2.6E-02 7.4E-03 1.8E-02 3.1E-01 2.2E-03 
GG3 7.6E-02 3.4E-02 1.7E-02 2.6E-02 1.1E-02 1.9E-02 3.3E-01 2.8E-03 
GG3 8.6E-02 3.6E-02 1.5E-02 3.0E-02 7.2E-03 1.8E-02 3.2E-01 2.3E-03 
GG3 6.7E-02 4.5E-02 1.7E-02 2.7E-02 7.3E-03 1.5E-02 3.4E-01 2.6E-03 
GG3 5.0E-02 3.3E-02 1.5E-02 3.0E-02 2.8E-03 1.2E-02 3.4E-01 2.1E-03 
GG3 5.2E-02 2.7E-02 1.1E-02 3.0E-02 5.0E-03 1.3E-02 3.6E-01 2.2E-03 
GG3 9.0E-02 4.3E-02 1.7E-02 2.6E-02 8.7E-03 1.8E-02 3.1E-01 3.1E-03 
GG3 8.1E-02 4.9E-02 1.8E-02 2.7E-02 8.1E-03 1.6E-02 3.1E-01 2.9E-03 
 
 
322 
ID Al Ca Fe K Mg Na Si Ti 
GG3 7.4E-03 6.0E-03 5.4E-03 7.1E-03 2.2E-03 3.2E-03 4.5E-01 1.5E-04 
GG3 5.7E-02 2.9E-02 1.4E-02 2.8E-02 3.8E-03 1.5E-02 3.4E-01 1.9E-03 
GG3 7.3E-02 5.0E-02 1.8E-02 2.8E-02 7.2E-03 1.5E-02 3.3E-01 2.9E-03 
GG3 6.5E-02 3.3E-02 1.4E-02 2.7E-02 4.5E-03 1.6E-02 3.4E-01 2.6E-03 
GG3 6.3E-02 3.8E-02 1.6E-02 2.7E-02 5.1E-03 1.5E-02 3.4E-01 2.9E-03 
GG3 7.3E-02 4.8E-02 1.7E-02 2.5E-02 5.3E-03 1.6E-02 3.3E-01 2.4E-03 
GG3 6.1E-02 4.2E-02 1.6E-02 2.7E-02 4.7E-03 1.5E-02 3.4E-01 2.4E-03 
GG3 6.8E-02 4.7E-02 1.8E-02 2.2E-02 8.5E-03 1.5E-02 3.3E-01 2.6E-03 
GG3 7.7E-02 5.6E-02 2.0E-02 2.2E-02 1.0E-02 1.6E-02 3.0E-01 3.8E-03 
GG3 8.2E-02 5.1E-02 1.9E-02 2.3E-02 9.3E-03 1.6E-02 3.1E-01 2.8E-03 
GG3 5.8E-02 2.9E-02 1.3E-02 2.4E-02 6.2E-03 1.7E-02 3.4E-01 2.3E-03 
GG3 7.6E-02 4.5E-02 1.8E-02 2.2E-02 9.4E-03 1.8E-02 3.1E-01 3.1E-03 
GG3 5.6E-02 2.8E-02 1.4E-02 2.3E-02 8.5E-03 1.7E-02 3.4E-01 3.2E-03 
GG3 7.2E-02 5.2E-02 1.9E-02 2.2E-02 8.6E-03 1.4E-02 3.1E-01 2.8E-03 
GG3 3.5E-02 1.6E-02 9.8E-03 1.9E-02 4.2E-03 1.0E-02 3.8E-01 1.7E-03 
GG3 8.3E-02 5.1E-02 1.9E-02 2.2E-02 8.6E-03 1.8E-02 3.0E-01 3.1E-03 
GG3 8.1E-02 4.7E-02 1.8E-02 2.4E-02 8.0E-03 1.8E-02 3.0E-01 3.1E-03 
GG3 8.1E-02 4.7E-02 1.8E-02 2.2E-02 9.0E-03 1.9E-02 3.0E-01 3.5E-03 
GG3 7.0E-02 3.3E-02 1.5E-02 2.4E-02 8.0E-03 1.9E-02 3.2E-01 1.7E-03 
GG3 8.6E-03 6.9E-03 5.9E-03 6.3E-03 2.3E-03 3.9E-03 4.2E-01 2.5E-05 
GG3 7.2E-02 4.0E-02 1.5E-02 2.2E-02 7.7E-03 1.8E-02 3.3E-01 2.7E-03 
GG3 8.1E-02 4.0E-02 1.6E-02 2.3E-02 7.6E-03 1.9E-02 3.1E-01 1.9E-03 
GG3 8.7E-02 4.5E-02 1.6E-02 2.2E-02 8.6E-03 2.0E-02 3.0E-01 2.7E-03 
GG3 9.0E-02 4.1E-02 1.6E-02 2.3E-02 7.9E-03 2.1E-02 2.9E-01 1.1E-03 
GG3 7.0E-02 4.7E-02 1.8E-02 2.2E-02 8.4E-03 1.7E-02 3.1E-01 3.4E-03 
GG3 8.7E-02 4.4E-02 1.4E-02 2.3E-02 7.1E-03 1.9E-02 3.0E-01 1.6E-03 
GG3 7.9E-02 4.0E-02 1.5E-02 2.3E-02 7.4E-03 1.9E-02 3.1E-01 2.4E-03 
GG3 4.0E-02 1.5E-02 8.9E-03 2.0E-02 4.3E-03 1.2E-02 3.7E-01 1.5E-03 
GG3 7.5E-02 5.0E-02 1.7E-02 2.3E-02 8.4E-03 1.6E-02 3.1E-01 3.2E-03 
GG3 9.4E-02 4.7E-02 1.6E-02 2.3E-02 7.4E-03 1.8E-02 3.0E-01 9.5E-04 
GG3 8.0E-02 5.0E-02 1.9E-02 2.3E-02 8.3E-03 1.7E-02 3.1E-01 3.0E-03 
GG3 5.7E-02 3.2E-02 1.3E-02 2.5E-02 5.9E-03 1.7E-02 3.4E-01 2.6E-03 
GG3 7.3E-02 5.4E-02 1.8E-02 2.5E-02 5.8E-03 1.4E-02 3.1E-01 3.0E-03 
GG3 5.8E-02 4.4E-02 1.5E-02 2.3E-02 5.0E-03 1.3E-02 3.4E-01 2.6E-03 
GG3 6.8E-02 5.0E-02 1.8E-02 2.2E-02 8.5E-03 1.4E-02 3.4E-01 2.9E-03 
GG3 7.3E-02 5.5E-02 1.9E-02 2.2E-02 8.6E-03 1.4E-02 3.2E-01 2.7E-03 
GG3 7.2E-02 4.7E-02 1.6E-02 2.5E-02 5.3E-03 1.6E-02 3.2E-01 2.8E-03 
GG3 7.8E-02 5.2E-02 1.7E-02 2.6E-02 5.8E-03 1.5E-02 3.1E-01 3.6E-03 
GG3 5.8E-02 4.3E-02 1.7E-02 2.3E-02 5.4E-03 1.3E-02 3.4E-01 2.5E-03 
 
 
323 
ID Al Ca Fe K Mg Na Si Ti 
GG3 7.7E-02 5.9E-02 2.0E-02 2.0E-02 9.3E-03 1.4E-02 3.2E-01 3.4E-03 
GG3 6.6E-02 5.2E-02 1.9E-02 2.1E-02 8.3E-03 1.4E-02 3.4E-01 2.8E-03 
GG3 5.8E-02 5.1E-02 1.8E-02 2.2E-02 5.5E-03 1.3E-02 3.3E-01 2.9E-03 
GG3 7.1E-02 5.7E-02 1.9E-02 2.2E-02 8.5E-03 1.4E-02 3.2E-01 3.2E-03 
GG3 7.6E-02 6.1E-02 2.1E-02 2.1E-02 9.4E-03 1.3E-02 3.1E-01 3.5E-03 
GG3 7.5E-02 6.1E-02 2.0E-02 2.0E-02 9.3E-03 1.3E-02 3.1E-01 3.1E-03 
GG3 3.3E-02 2.1E-02 1.1E-02 1.9E-02 2.6E-03 9.2E-03 4.0E-01 1.7E-03 
GG3 7.1E-02 5.6E-02 1.9E-02 2.1E-02 9.7E-03 1.5E-02 3.2E-01 3.5E-03 
GG3 7.6E-02 6.9E-02 2.0E-02 1.9E-02 7.2E-03 1.3E-02 3.1E-01 3.4E-03 
GG3 6.2E-02 4.7E-02 1.6E-02 2.2E-02 8.4E-03 1.3E-02 3.4E-01 2.4E-03 
GG3 9.2E-03 6.1E-03 4.8E-03 5.5E-03 2.1E-03 3.0E-03 4.6E-01 8.4E-04 
GG3 2.0E-02 1.5E-02 8.7E-03 1.5E-02 1.6E-03 6.7E-03 4.2E-01 1.1E-03 
GG3 1.0E-01 5.4E-02 1.6E-02 2.4E-02 7.9E-03 2.2E-02 3.0E-01 2.3E-03 
GG3 7.7E-02 5.6E-02 1.9E-02 2.5E-02 6.1E-03 1.7E-02 2.9E-01 3.6E-03 
GG3 9.5E-02 5.6E-02 1.6E-02 2.8E-02 7.7E-03 1.8E-02 3.0E-01 1.9E-03 
GG3 7.3E-02 5.5E-02 1.8E-02 2.4E-02 5.7E-03 1.5E-02 3.1E-01 3.2E-03 
GG3 6.6E-02 5.1E-02 1.8E-02 2.4E-02 5.2E-03 1.6E-02 3.4E-01 3.1E-03 
GG3 7.5E-02 5.3E-02 1.8E-02 2.2E-02 6.0E-03 1.6E-02 3.2E-01 3.5E-03 
GG3 7.5E-02 5.1E-02 1.7E-02 2.5E-02 5.2E-03 1.6E-02 3.1E-01 3.0E-03 
GG3 7.9E-02 5.1E-02 1.7E-02 2.4E-02 7.3E-03 1.7E-02 3.2E-01 3.0E-03 
GG3 9.9E-02 6.5E-02 2.0E-02 2.3E-02 8.6E-03 1.6E-02 2.9E-01 2.5E-03 
GG3 9.1E-02 6.2E-02 2.0E-02 2.4E-02 8.6E-03 1.6E-02 3.0E-01 3.0E-03 
GG3 8.1E-02 5.6E-02 1.8E-02 2.3E-02 5.8E-03 1.6E-02 3.1E-01 2.9E-03 
GG3 7.5E-02 6.0E-02 1.9E-02 2.1E-02 6.1E-03 1.5E-02 3.3E-01 3.3E-03 
GG3 7.4E-02 5.6E-02 1.9E-02 2.2E-02 8.3E-03 1.5E-02 3.3E-01 3.1E-03 
GG3 6.6E-02 4.8E-02 1.7E-02 2.5E-02 5.0E-03 1.5E-02 3.4E-01 3.2E-03 
GG3 7.4E-02 6.1E-02 1.9E-02 2.1E-02 6.1E-03 1.3E-02 3.2E-01 3.4E-03 
GG3 7.1E-02 5.8E-02 1.9E-02 2.1E-02 5.9E-03 1.3E-02 3.3E-01 3.0E-03 
GG3 7.3E-02 6.2E-02 1.9E-02 2.1E-02 5.9E-03 1.3E-02 3.2E-01 3.2E-03 
GG3 7.0E-02 5.9E-02 1.9E-02 2.2E-02 5.4E-03 1.3E-02 3.2E-01 3.4E-03 
GG3 7.4E-02 6.1E-02 2.0E-02 2.1E-02 5.9E-03 1.3E-02 3.2E-01 3.3E-03 
GG3 7.3E-02 6.4E-02 2.0E-02 2.1E-02 6.5E-03 1.3E-02 3.1E-01 3.8E-03 
GG3 8.6E-02 4.9E-02 1.9E-02 2.9E-02 8.4E-03 1.8E-02 3.1E-01 3.7E-03 
GG3 8.6E-02 5.1E-02 1.8E-02 2.8E-02 5.8E-03 1.7E-02 3.0E-01 2.6E-03 
GG3 7.6E-02 5.2E-02 2.0E-02 2.6E-02 8.6E-03 1.6E-02 3.2E-01 3.1E-03 
GG3 8.1E-02 5.7E-02 2.1E-02 2.4E-02 8.7E-03 1.6E-02 3.2E-01 3.7E-03 
GG3 7.8E-02 5.6E-02 2.0E-02 2.3E-02 8.9E-03 1.7E-02 3.2E-01 3.8E-03 
GG3 7.8E-02 6.2E-02 2.4E-02 2.1E-02 7.5E-03 1.4E-02 3.1E-01 5.9E-03 
GG3 7.8E-02 6.2E-02 2.1E-02 2.1E-02 8.6E-03 1.4E-02 3.2E-01 3.2E-03 
 
 
324 
ID Al Ca Fe K Mg Na Si Ti 
GG3 6.7E-02 5.5E-02 1.8E-02 2.3E-02 5.0E-03 1.2E-02 3.1E-01 3.1E-03 
GG3 6.4E-02 5.9E-02 2.7E-02 2.9E-02 1.6E-02 1.7E-02 3.0E-01 4.8E-03 
GG3 6.0E-02 5.3E-02 2.6E-02 2.7E-02 1.5E-02 1.7E-02 3.2E-01 4.4E-03 
GG3 6.7E-02 5.4E-02 2.4E-02 2.8E-02 1.3E-02 1.7E-02 3.0E-01 4.6E-03 
GG3 3.0E-03 7.1E-04 3.8E-04 1.2E-03 5.5E-04 2.2E-03 4.5E-01 0.0E+00 
GG3 7.7E-02 5.1E-02 2.0E-02 2.7E-02 8.7E-03 1.7E-02 3.1E-01 3.6E-03 
GG3 7.3E-02 4.2E-02 2.0E-02 3.4E-02 9.6E-03 2.1E-02 3.0E-01 3.6E-03 
GG3 9.1E-02 4.0E-02 1.5E-02 3.3E-02 6.7E-03 2.1E-02 3.0E-01 1.8E-03 
GG3 7.9E-02 5.0E-02 2.5E-02 3.0E-02 1.2E-02 1.7E-02 2.9E-01 4.1E-03 
GG3 7.0E-02 3.3E-02 1.5E-02 3.4E-02 7.7E-03 1.7E-02 3.2E-01 2.2E-03 
GG3 8.9E-02 5.1E-02 2.0E-02 3.2E-02 9.7E-03 1.9E-02 2.8E-01 2.8E-03 
GG3 8.6E-02 4.7E-02 2.0E-02 3.3E-02 9.5E-03 2.0E-02 3.0E-01 2.4E-03 
GG3 7.6E-02 5.8E-02 2.6E-02 3.0E-02 1.4E-02 1.8E-02 2.9E-01 4.2E-03 
GG3 7.2E-02 6.6E-02 2.9E-02 2.7E-02 1.8E-02 1.7E-02 2.8E-01 5.2E-03 
GG3 1.0E-01 2.8E-02 1.7E-02 4.2E-02 7.2E-03 2.1E-02 2.8E-01 7.1E-04 
GG3 7.1E-02 3.4E-02 1.8E-02 3.9E-02 7.3E-03 1.9E-02 3.1E-01 3.3E-03 
GG3 8.6E-02 3.8E-02 1.7E-02 4.0E-02 7.0E-03 2.1E-02 2.9E-01 2.2E-03 
GG3 8.2E-02 3.7E-02 2.1E-02 3.7E-02 8.4E-03 2.2E-02 2.9E-01 3.7E-03 
GG3 8.3E-02 3.3E-02 2.0E-02 3.8E-02 8.4E-03 2.3E-02 2.9E-01 3.7E-03 
GG3 8.5E-02 6.5E-02 1.6E-02 4.0E-02 6.4E-03 1.6E-02 2.9E-01 2.4E-03 
GG3 1.1E-01 4.5E-02 2.7E-02 3.0E-02 8.3E-03 2.2E-02 2.7E-01 2.4E-03 
GG3 9.3E-02 5.1E-02 2.6E-02 3.1E-02 1.1E-02 2.0E-02 2.7E-01 4.7E-03 
GG3 8.7E-03 3.1E-03 3.9E-03 3.7E-03 1.5E-03 2.4E-03 4.6E-01 7.2E-04 
GG3 7.3E-02 6.7E-02 3.0E-02 2.5E-02 1.1E-02 1.6E-02 2.8E-01 4.0E-03 
GG3 3.4E-03 6.1E-04 6.4E-04 4.7E-04 1.2E-04 6.8E-04 4.5E-01 1.1E-04 
GG3 5.1E-02 7.9E-02 1.7E-02 2.5E-02 7.4E-03 1.2E-02 3.2E-01 4.4E-03 
GG3 1.6E-02 7.2E-03 8.2E-03 1.1E-02 6.6E-04 8.7E-03 4.2E-01 8.7E-04 
GG3 7.9E-02 1.9E-02 1.0E-02 2.9E-02 1.8E-03 2.8E-02 3.3E-01 3.4E-03 
GG3 5.1E-04 3.7E-04 4.1E-04 9.4E-04 1.5E-06 3.7E-04 4.4E-01 1.7E-04 
GG3 9.1E-02 4.1E-02 1.7E-02 2.6E-02 8.6E-03 2.7E-02 3.1E-01 2.2E-03 
GG3 7.7E-02 5.2E-02 2.0E-02 2.4E-02 9.6E-03 2.3E-02 3.1E-01 2.6E-03 
GG3 7.9E-02 2.9E-02 1.6E-02 2.7E-02 8.3E-03 2.7E-02 3.3E-01 2.2E-03 
GG3 7.9E-02 6.8E-02 2.8E-02 1.9E-02 9.6E-03 1.7E-02 3.0E-01 3.4E-03 
GG3 3.2E-04 2.2E-05 7.7E-04 5.4E-04 0.0E+00 1.1E-03 4.8E-01 0.0E+00 
GG3 9.8E-02 2.7E-02 1.1E-02 2.8E-02 1.9E-03 3.5E-02 3.0E-01 5.7E-04 
GG3 7.6E-02 5.2E-02 2.6E-02 2.5E-02 1.2E-02 2.2E-02 3.1E-01 4.9E-03 
GG3 5.3E-02 3.0E-02 1.9E-02 2.9E-02 3.0E-03 1.2E-02 3.4E-01 2.3E-03 
GG3 1.6E-04 2.7E-04 3.0E-04 7.4E-04 0.0E+00 4.8E-04 4.4E-01 0.0E+00 
GG3 7.0E-02 3.3E-02 1.4E-02 3.1E-02 3.8E-03 2.0E-02 3.4E-01 2.3E-03 
 
 
325 
ID Al Ca Fe K Mg Na Si Ti 
GG3 2.1E-02 1.7E-02 8.6E-03 1.5E-02 2.5E-03 1.0E-02 4.2E-01 1.4E-03 
GG3 7.8E-02 3.7E-02 2.0E-02 3.1E-02 8.6E-03 1.7E-02 3.3E-01 2.7E-03 
GG3 2.2E-04 4.7E-03 5.0E-04 2.7E-04 0.0E+00 2.6E-04 4.4E-01 1.6E-04 
GG3 1.1E-04 7.9E-05 8.9E-04 7.8E-04 0.0E+00 4.3E-04 4.5E-01 1.1E-04 
GG3 8.9E-02 3.2E-02 1.4E-02 4.2E-02 3.9E-03 2.1E-02 3.1E-01 2.0E-03 
GG3 1.0E-01 4.0E-02 1.4E-02 3.8E-02 4.2E-03 2.4E-02 2.9E-01 2.6E-03 
GG3 1.1E-01 5.1E-02 1.9E-02 3.3E-02 8.9E-03 2.3E-02 2.8E-01 3.0E-03 
GG3 1.1E-02 3.4E-03 4.3E-03 8.2E-03 1.7E-03 2.7E-03 4.4E-01 1.1E-03 
GG3 7.6E-05 1.5E-04 5.6E-04 5.1E-04 1.1E-04 1.1E-03 4.7E-01 0.0E+00 
GG3 8.6E-02 4.6E-02 3.0E-02 2.7E-02 1.2E-02 2.2E-02 2.9E-01 5.3E-03 
GG3 9.0E-02 4.8E-02 3.0E-02 2.8E-02 1.2E-02 2.1E-02 2.9E-01 4.7E-03 
GG3 7.9E-02 3.7E-02 1.6E-02 2.7E-02 9.1E-03 2.4E-02 3.2E-01 2.1E-03 
GG3 6.9E-02 3.4E-02 2.2E-02 3.1E-02 6.5E-03 1.8E-02 3.3E-01 3.6E-03 
GG3 8.5E-02 6.2E-02 3.2E-02 2.1E-02 1.4E-02 1.9E-02 2.9E-01 4.5E-03 
GG3 4.9E-03 1.9E-03 4.0E-03 3.8E-03 1.3E-03 3.1E-03 4.5E-01 7.1E-04 
GG3 8.7E-02 5.2E-02 3.4E-02 2.7E-02 1.4E-02 1.9E-02 2.8E-01 7.1E-03 
GG3 7.6E-02 4.0E-02 2.1E-02 3.2E-02 6.4E-03 1.9E-02 3.2E-01 2.3E-03 
GG3 8.8E-02 5.3E-02 2.5E-02 2.8E-02 1.1E-02 1.8E-02 3.0E-01 2.6E-03 
GG3 6.5E-02 4.3E-02 2.9E-02 2.0E-02 1.4E-02 1.7E-02 3.2E-01 3.5E-03 
GG3 2.7E-02 7.5E-03 1.2E-02 1.8E-02 2.6E-03 8.7E-03 4.2E-01 3.7E-04 
GG3 7.5E-02 3.0E-02 2.1E-02 3.3E-02 8.8E-03 1.9E-02 3.2E-01 2.3E-03 
GG3 3.6E-02 1.4E-02 9.8E-03 2.3E-02 2.0E-03 7.9E-03 3.8E-01 6.0E-04 
GG3 8.3E-02 5.3E-02 2.3E-02 3.1E-02 1.1E-02 1.7E-02 3.0E-01 3.8E-03 
GG3 5.9E-04 8.7E-04 2.6E-04 4.8E-04 1.1E-05 6.5E-04 4.6E-01 3.9E-05 
GG3 4.1E-04 6.1E-04 1.0E-03 5.3E-04 1.8E-04 4.6E-04 4.4E-01 0.0E+00 
GG3 1.1E-04 2.6E-04 1.4E-04 1.2E-03 1.1E-04 6.2E-04 4.8E-01 0.0E+00 
GG3 7.3E-02 3.7E-02 2.3E-02 3.5E-02 1.1E-02 1.6E-02 3.2E-01 4.3E-03 
GG3 7.6E-02 1.9E-02 1.4E-02 5.2E-02 3.0E-03 1.5E-02 3.2E-01 2.6E-03 
GG3 5.2E-02 2.5E-03 4.7E-03 5.4E-02 2.1E-03 9.5E-03 3.6E-01 1.2E-02 
GG3 9.0E-02 5.1E-02 2.7E-02 2.9E-02 1.1E-02 1.9E-02 3.0E-01 3.3E-03 
GG3 5.8E-02 2.6E-02 1.6E-02 3.5E-02 4.7E-03 1.6E-02 3.5E-01 2.9E-03 
GG3 7.1E-02 2.7E-02 2.1E-02 4.0E-02 5.2E-03 1.6E-02 3.0E-01 2.9E-02 
GG3 9.3E-03 3.6E-03 7.1E-03 1.3E-02 4.3E-04 3.4E-03 4.5E-01 7.6E-03 
GG3 9.5E-02 2.6E-02 1.3E-02 5.5E-02 6.0E-03 1.6E-02 3.0E-01 5.9E-03 
GG3 7.9E-02 2.5E-02 1.4E-02 5.6E-02 6.3E-03 1.5E-02 3.1E-01 6.3E-03 
GG3 9.9E-02 3.8E-02 2.9E-02 3.2E-02 9.2E-03 2.0E-02 2.9E-01 3.7E-03 
GG3 7.3E-02 3.5E-02 2.8E-02 3.6E-02 1.0E-02 1.6E-02 3.0E-01 2.4E-02 
GG3 7.9E-02 3.5E-02 2.4E-02 3.7E-02 9.7E-03 1.6E-02 3.0E-01 1.5E-02 
GG3 5.5E-02 1.6E-02 1.8E-02 3.4E-02 2.1E-03 1.4E-02 3.5E-01 5.5E-04 
 
 
326 
ID Al Ca Fe K Mg Na Si Ti 
GG3 3.0E-03 2.4E-04 2.1E-04 5.4E-04 8.1E-04 5.6E-04 4.8E-01 0.0E+00 
GG3 8.1E-02 4.9E-02 2.5E-02 3.3E-02 1.1E-02 1.7E-02 3.1E-01 2.4E-03 
GG3 7.1E-05 3.1E-04 1.6E-04 1.2E-03 0.0E+00 5.9E-04 4.5E-01 2.1E-04 
GG3 5.8E-02 3.7E-02 1.8E-02 3.3E-02 6.1E-03 1.4E-02 3.4E-01 2.3E-03 
GG3 7.1E-02 3.3E-02 1.4E-02 3.7E-02 4.7E-03 1.6E-02 3.3E-01 1.1E-03 
GG3 9.0E-02 3.9E-02 1.5E-02 5.1E-02 3.5E-03 1.5E-02 3.0E-01 2.3E-03 
GG3 6.4E-02 4.0E-02 1.8E-02 3.5E-02 3.0E-03 1.5E-02 3.3E-01 1.8E-03 
GG3 9.0E-02 3.3E-02 1.5E-02 4.2E-02 6.3E-03 1.8E-02 3.1E-01 3.0E-03 
GG3 6.8E-02 2.4E-02 1.4E-02 3.9E-02 3.5E-03 1.6E-02 3.4E-01 1.9E-03 
GG3 9.2E-02 4.8E-02 2.3E-02 4.1E-02 5.7E-03 1.7E-02 2.8E-01 2.6E-03 
GG3 9.3E-02 7.3E-03 4.5E-03 5.7E-02 2.8E-03 2.2E-02 3.1E-01 5.9E-04 
GG3 8.9E-05 6.0E-05 1.4E-04 2.8E-03 6.4E-05 1.4E-03 4.7E-01 8.9E-05 
GG3 9.0E-02 3.7E-02 1.8E-02 4.8E-02 5.0E-03 1.7E-02 3.0E-01 2.8E-03 
GG3 1.0E-01 3.8E-03 1.4E-03 6.8E-02 1.3E-03 2.1E-02 3.0E-01 2.6E-04 
GG3 3.1E-02 4.7E-03 8.2E-04 3.0E-02 1.0E-04 6.5E-03 4.0E-01 0.0E+00 
GG3 2.8E-03 1.7E-04 2.4E-04 2.0E-03 1.4E-05 6.2E-04 4.7E-01 4.9E-05 
GG3 8.0E-02 3.6E-02 2.0E-02 4.4E-02 9.9E-03 1.6E-02 3.1E-01 4.0E-03 
GG3 9.1E-02 1.3E-02 4.5E-03 5.7E-02 7.6E-04 1.9E-02 3.2E-01 3.1E-03 
GG3 1.8E-03 3.1E-05 6.5E-04 4.3E-04 4.4E-05 2.5E-04 4.4E-01 2.6E-05 
GG3 1.6E-02 3.9E-03 4.6E-03 1.5E-02 1.9E-03 3.9E-03 4.2E-01 2.0E-04 
GG3 2.7E-03 0.0E+00 9.8E-05 3.2E-03 3.6E-04 8.1E-04 4.8E-01 0.0E+00 
GG3 5.5E-02 2.6E-02 1.5E-02 2.8E-02 6.9E-03 1.7E-02 3.6E-01 1.8E-03 
GG3 7.9E-02 2.5E-02 1.0E-02 3.1E-02 5.4E-03 2.3E-02 3.4E-01 1.6E-03 
GG3 7.8E-02 2.4E-02 1.0E-02 3.3E-02 4.7E-03 2.2E-02 3.3E-01 3.5E-03 
GG3 8.2E-02 3.0E-02 1.3E-02 3.1E-02 3.7E-03 2.3E-02 3.2E-01 2.1E-03 
GG3 1.0E-01 4.0E-02 1.6E-02 2.9E-02 7.6E-03 2.7E-02 3.0E-01 2.0E-03 
GG3 2.9E-03 0.0E+00 2.7E-05 1.4E-03 9.6E-04 1.3E-03 4.8E-01 0.0E+00 
GG3 5.6E-02 3.0E-02 1.7E-02 2.8E-02 7.0E-03 1.8E-02 3.5E-01 2.8E-03 
GG3 8.4E-02 3.6E-02 2.0E-02 3.0E-02 7.4E-03 2.3E-02 3.2E-01 2.7E-03 
GG3 8.0E-02 3.0E-02 1.4E-02 3.1E-02 3.6E-03 2.4E-02 3.1E-01 1.6E-03 
GG3 1.1E-01 3.7E-02 1.3E-02 3.2E-02 6.5E-03 2.8E-02 2.9E-01 1.3E-03 
GG3 1.1E-01 3.3E-02 1.1E-02 3.9E-02 5.6E-03 2.7E-02 2.9E-01 1.2E-03 
GG3 1.4E-02 9.2E-03 8.3E-03 4.8E-03 4.9E-04 4.3E-03 4.3E-01 8.9E-04 
GG3 9.0E-02 3.1E-02 1.3E-02 3.2E-02 6.2E-03 2.5E-02 3.2E-01 1.9E-03 
GG3 7.1E-02 2.3E-02 1.1E-02 3.5E-02 2.4E-03 2.2E-02 3.3E-01 2.2E-03 
GG3 1.0E-01 2.8E-02 1.1E-02 4.0E-02 5.4E-03 2.6E-02 3.0E-01 2.3E-03 
GG3 1.1E-01 3.4E-02 1.1E-02 3.7E-02 5.5E-03 2.5E-02 3.0E-01 2.1E-03 
GG3 1.0E-01 3.1E-02 1.0E-02 4.2E-02 2.5E-03 2.3E-02 2.9E-01 1.9E-03 
GG3 9.3E-02 2.6E-02 8.5E-03 4.3E-02 1.7E-03 2.0E-02 3.1E-01 1.3E-03 
 
 
327 
ID Al Ca Fe K Mg Na Si Ti 
GG3 9.2E-02 2.6E-02 1.1E-02 4.2E-02 2.9E-03 2.3E-02 3.0E-01 2.2E-03 
GG3 9.5E-02 3.0E-02 8.7E-03 4.7E-02 8.3E-04 1.2E-02 3.3E-01 1.7E-03 
GG3 8.3E-02 5.2E-02 2.0E-02 2.9E-02 8.5E-03 1.6E-02 3.1E-01 3.2E-03 
GG3 1.0E-01 1.6E-02 4.4E-03 4.6E-02 2.6E-03 2.6E-02 3.0E-01 2.1E-04 
GG3 9.7E-02 1.7E-02 5.9E-03 4.9E-02 3.7E-04 2.4E-02 3.1E-01 9.6E-04 
GG3 7.7E-02 4.9E-02 1.9E-02 2.7E-02 8.7E-03 1.6E-02 3.3E-01 3.2E-03 
GG3 7.6E-02 4.9E-02 1.8E-02 2.8E-02 8.3E-03 1.6E-02 3.2E-01 2.7E-03 
GG3 1.0E-01 1.2E-02 5.1E-03 5.2E-02 2.4E-03 2.4E-02 3.0E-01 6.9E-04 
GG3 2.8E-03 0.0E+00 1.7E-04 1.2E-03 8.7E-04 1.5E-03 4.8E-01 0.0E+00 
GG3 7.5E-02 4.8E-02 1.8E-02 3.2E-02 4.9E-03 1.5E-02 3.1E-01 3.3E-03 
GG3 6.0E-02 3.6E-02 1.4E-02 2.6E-02 3.9E-03 1.4E-02 3.4E-01 2.2E-03 
GG3 5.6E-02 3.3E-02 1.1E-02 2.6E-02 3.1E-03 1.4E-02 3.6E-01 1.7E-03 
GG3 2.3E-02 8.9E-03 7.3E-03 1.6E-02 1.1E-03 8.0E-03 4.2E-01 2.9E-04 
GG3 1.1E-04 5.0E-04 5.1E-04 1.6E-03 5.9E-04 1.4E-03 4.7E-01 1.7E-05 
GG3 4.0E-02 1.4E-02 8.8E-03 2.5E-02 2.1E-03 1.1E-02 3.9E-01 1.2E-03 
GG3 6.1E-02 3.7E-02 1.5E-02 2.6E-02 7.1E-03 1.5E-02 3.4E-01 3.7E-03 
GG3 3.1E-03 8.3E-04 5.6E-04 1.6E-03 1.1E-03 1.7E-03 4.8E-01 1.0E-04 
GG3 2.5E-02 1.1E-02 8.6E-03 1.7E-02 1.5E-03 8.6E-03 4.0E-01 1.2E-03 
GG3 2.9E-03 8.3E-04 5.6E-04 1.5E-03 9.5E-04 1.7E-03 4.8E-01 1.3E-04 
GG3 6.6E-02 3.0E-02 1.2E-02 2.9E-02 4.2E-03 1.5E-02 3.3E-01 1.6E-03 
GG3 2.9E-03 3.7E-04 0.0E+00 1.6E-03 8.9E-04 1.4E-03 4.7E-01 3.8E-04 
GG3 5.2E-02 3.3E-02 1.1E-02 2.5E-02 3.6E-03 1.4E-02 3.5E-01 2.8E-03 
GG3 3.2E-03 2.2E-04 2.1E-05 2.0E-03 1.0E-03 2.0E-03 4.9E-01 0.0E+00 
GG3 1.5E-03 3.2E-03 6.7E-03 2.8E-03 7.2E-04 4.0E-04 4.8E-01 5.8E-04 
GG3 7.1E-02 3.9E-02 1.7E-02 2.6E-02 7.9E-03 1.7E-02 3.3E-01 4.0E-03 
GG3 6.4E-02 2.9E-02 1.5E-02 2.6E-02 8.3E-03 1.6E-02 3.5E-01 3.1E-03 
GG3 2.8E-03 2.4E-03 1.9E-03 1.5E-03 1.3E-03 1.9E-03 4.7E-01 0.0E+00 
GG3 2.4E-02 1.1E-02 8.1E-03 1.7E-02 1.0E-03 7.9E-03 4.1E-01 1.3E-03 
GG3 7.7E-02 3.8E-02 1.7E-02 2.7E-02 8.6E-03 1.7E-02 3.2E-01 2.8E-03 
GG3 1.5E-03 3.7E-03 5.4E-03 3.0E-03 2.1E-03 2.6E-03 4.4E-01 4.8E-04 
GG3 5.8E-02 3.2E-02 1.2E-02 2.6E-02 3.3E-03 1.4E-02 3.5E-01 1.9E-03 
GG3 6.9E-02 4.5E-02 1.6E-02 2.4E-02 5.3E-03 1.5E-02 3.2E-01 3.0E-03 
GG3 7.9E-02 4.9E-02 1.9E-02 2.5E-02 8.3E-03 1.6E-02 3.2E-01 3.3E-03 
GG3 7.8E-02 4.4E-02 1.7E-02 2.6E-02 5.4E-03 1.7E-02 3.2E-01 2.6E-03 
GG3 4.3E-02 4.7E-02 1.5E-02 2.0E-02 9.0E-03 1.2E-02 3.6E-01 2.2E-03 
GG3 8.8E-02 5.0E-02 1.6E-02 2.9E-02 7.9E-03 1.6E-02 3.1E-01 2.7E-03 
GG3 7.1E-02 3.8E-02 1.4E-02 3.1E-02 4.3E-03 1.5E-02 3.2E-01 2.7E-03 
GG3 6.9E-02 4.0E-02 1.5E-02 3.0E-02 6.9E-03 1.5E-02 3.3E-01 3.2E-03 
GG3 5.4E-02 3.2E-02 1.3E-02 2.9E-02 6.4E-03 1.3E-02 3.7E-01 1.5E-03 
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ID Al Ca Fe K Mg Na Si Ti 
GG3 3.0E-03 6.4E-04 3.9E-04 1.8E-03 8.7E-04 1.5E-03 4.7E-01 4.0E-05 
GG3 8.7E-02 4.6E-02 1.6E-02 3.2E-02 7.2E-03 1.6E-02 3.0E-01 3.3E-03 
GG3 7.7E-02 4.4E-02 1.6E-02 2.9E-02 7.7E-03 1.5E-02 3.2E-01 3.0E-03 
GG3 6.3E-03 9.0E-03 6.3E-03 9.0E-03 4.3E-04 4.2E-03 4.5E-01 5.8E-04 
GG3 2.6E-02 1.2E-02 7.3E-03 2.0E-02 1.2E-03 7.6E-03 4.1E-01 5.1E-04 
GG3 8.7E-02 4.7E-02 2.0E-02 2.7E-02 9.6E-03 1.7E-02 3.2E-01 3.4E-03 
GG3 6.9E-02 5.1E-02 1.9E-02 2.7E-02 9.3E-03 1.5E-02 3.2E-01 2.5E-03 
GG3 9.4E-02 4.7E-02 1.7E-02 3.0E-02 8.3E-03 1.7E-02 3.1E-01 3.5E-03 
GG3 7.0E-02 4.8E-02 1.7E-02 2.9E-02 4.6E-03 1.5E-02 3.2E-01 2.5E-03 
GG3 7.6E-02 6.8E-02 2.3E-02 2.3E-02 1.2E-02 1.5E-02 3.1E-01 2.9E-03 
GG3 8.7E-02 4.3E-02 1.6E-02 3.0E-02 7.8E-03 1.7E-02 3.1E-01 3.1E-03 
GG3 8.0E-02 4.6E-02 1.6E-02 2.7E-02 9.1E-03 1.8E-02 3.2E-01 2.2E-03 
GG3 6.9E-02 3.0E-02 1.3E-02 3.0E-02 3.5E-03 1.7E-02 3.4E-01 1.7E-03 
GG3 8.2E-02 4.8E-02 1.7E-02 2.9E-02 5.3E-03 1.6E-02 3.0E-01 2.9E-03 
GG3 6.9E-02 4.4E-02 1.6E-02 3.0E-02 7.2E-03 1.5E-02 3.4E-01 2.7E-03 
GG3 7.5E-02 5.2E-02 1.9E-02 2.9E-02 5.6E-03 1.6E-02 3.1E-01 4.0E-03 
GG3 7.9E-02 4.8E-02 1.6E-02 2.8E-02 4.6E-03 1.8E-02 3.0E-01 2.4E-03 
GG3 7.9E-02 4.1E-02 1.5E-02 2.8E-02 6.9E-03 2.0E-02 3.3E-01 2.1E-03 
GG3 7.5E-02 4.1E-02 1.6E-02 3.0E-02 6.8E-03 1.8E-02 3.3E-01 2.4E-03 
GG3 6.9E-02 5.0E-02 2.4E-02 2.7E-02 9.2E-03 1.6E-02 3.2E-01 5.5E-03 
GG3 7.1E-02 4.5E-02 2.2E-02 2.8E-02 8.5E-03 1.7E-02 3.3E-01 3.5E-03 
GG3 3.8E-02 2.1E-02 8.9E-03 2.5E-02 1.9E-03 1.2E-02 3.7E-01 8.9E-04 
GG3 5.8E-02 3.3E-02 1.3E-02 2.7E-02 3.3E-03 1.8E-02 3.5E-01 2.3E-03 
GG3 8.4E-02 4.7E-02 1.8E-02 2.8E-02 7.4E-03 1.8E-02 3.1E-01 2.6E-03 
GG3 9.1E-02 5.3E-02 1.7E-02 2.8E-02 7.4E-03 1.8E-02 3.1E-01 2.1E-03 
GG3 7.2E-05 4.5E-04 6.2E-04 1.4E-03 6.1E-05 1.6E-03 4.7E-01 0.0E+00 
GG3 5.6E-02 2.6E-02 1.3E-02 2.7E-02 2.6E-03 1.7E-02 3.5E-01 1.7E-03 
GG3 8.4E-02 4.5E-02 1.7E-02 2.7E-02 7.4E-03 1.9E-02 3.2E-01 2.6E-03 
GG3 2.9E-02 1.8E-02 1.0E-02 2.0E-02 1.8E-03 9.9E-03 4.0E-01 1.4E-03 
GG3 2.2E-02 1.0E-02 7.3E-03 1.6E-02 8.8E-04 7.5E-03 4.2E-01 6.8E-04 
GG3 4.7E-02 2.2E-02 1.0E-02 4.1E-02 2.7E-03 1.2E-02 3.6E-01 1.7E-03 
GG3 8.4E-02 7.7E-03 5.6E-03 6.0E-02 2.2E-03 1.6E-02 3.2E-01 2.5E-03 
GG3 9.3E-02 3.2E-02 1.5E-02 4.9E-02 5.7E-03 1.7E-02 3.1E-01 2.7E-03 
GG3 7.5E-02 5.3E-02 2.6E-02 3.5E-02 8.9E-03 1.5E-02 2.9E-01 5.6E-03 
GG3 5.0E-02 3.1E-02 1.8E-02 3.2E-02 6.4E-03 1.3E-02 3.4E-01 9.4E-03 
GG3 5.8E-02 3.0E-02 1.6E-02 3.6E-02 5.7E-03 1.3E-02 3.3E-01 7.9E-03 
GG3 6.0E-02 3.2E-02 1.5E-02 4.4E-02 3.4E-03 1.1E-02 3.4E-01 2.4E-03 
GG3 4.8E-02 4.0E-02 1.9E-02 3.1E-02 5.4E-03 1.2E-02 3.4E-01 6.8E-03 
GG3 2.6E-03 2.3E-04 4.8E-04 1.4E-03 6.0E-04 1.2E-03 4.6E-01 1.1E-04 
 
 
329 
ID Al Ca Fe K Mg Na Si Ti 
GG3 5.8E-02 3.8E-02 1.8E-02 3.8E-02 3.7E-03 1.2E-02 3.2E-01 3.0E-03 
GG3 8.8E-02 3.2E-02 1.1E-02 5.1E-02 2.8E-03 1.8E-02 2.9E-01 2.4E-03 
GG3 1.0E-01 1.2E-02 3.1E-03 6.0E-02 1.9E-03 2.0E-02 3.0E-01 7.1E-04 
GG3 6.6E-02 3.1E-02 1.5E-02 4.4E-02 3.8E-03 1.5E-02 3.2E-01 2.1E-03 
GG3 7.4E-02 5.4E-02 2.3E-02 3.2E-02 9.0E-03 1.5E-02 3.1E-01 4.9E-03 
GG3 1.5E-03 7.2E-03 9.2E-03 4.4E-03 8.9E-04 3.7E-03 4.3E-01 7.7E-04 
GG3 1.3E-02 9.5E-03 7.1E-03 1.4E-02 1.0E-03 5.7E-03 4.3E-01 5.4E-04 
GG3 9.4E-02 3.0E-02 1.0E-02 4.6E-02 2.3E-03 2.0E-02 3.0E-01 2.1E-03 
GG3 7.4E-02 3.7E-02 1.6E-02 3.7E-02 6.6E-03 1.7E-02 3.3E-01 2.6E-03 
GG3 5.9E-02 2.7E-02 1.2E-02 3.5E-02 3.0E-03 1.2E-02 3.5E-01 2.7E-03 
GG3 4.5E-02 2.9E-02 1.3E-02 3.0E-02 3.4E-03 1.0E-02 3.7E-01 1.7E-03 
GG3 7.1E-02 3.3E-02 1.8E-02 3.8E-02 7.1E-03 1.3E-02 3.3E-01 3.7E-03 
GG3 9.0E-02 3.0E-02 1.4E-02 4.3E-02 6.0E-03 1.5E-02 3.1E-01 1.3E-03 
GG3 7.6E-02 4.4E-02 2.0E-02 3.8E-02 8.7E-03 1.4E-02 3.1E-01 4.7E-03 
GG3 5.6E-02 4.2E-02 2.2E-02 3.4E-02 5.8E-03 1.1E-02 3.3E-01 3.4E-03 
GG3 8.3E-02 3.9E-02 1.3E-02 3.7E-02 3.7E-03 1.4E-02 3.1E-01 1.7E-03 
GG3 5.8E-02 3.5E-02 1.5E-02 3.1E-02 6.9E-03 1.2E-02 3.5E-01 2.5E-03 
GG3 5.5E-02 2.9E-02 1.2E-02 3.5E-02 2.5E-03 1.2E-02 3.5E-01 1.8E-03 
GG3 6.7E-02 3.8E-02 1.6E-02 3.8E-02 4.4E-03 1.3E-02 3.2E-01 3.8E-03 
GG3 7.0E-02 5.1E-02 2.3E-02 3.3E-02 8.3E-03 1.3E-02 3.2E-01 3.6E-03 
GG3 8.1E-02 3.8E-02 1.5E-02 3.8E-02 4.5E-03 1.4E-02 3.0E-01 3.2E-03 
GG3 3.3E-02 1.8E-02 1.1E-02 2.6E-02 2.3E-03 8.6E-03 3.9E-01 1.4E-03 
GG3 6.1E-02 4.1E-02 1.5E-02 3.1E-02 5.0E-03 1.2E-02 3.3E-01 2.7E-03 
GG3 9.1E-02 4.1E-02 9.5E-03 4.3E-02 1.3E-03 1.4E-02 3.1E-01 5.4E-04 
GG3 6.8E-02 5.2E-02 2.0E-02 3.6E-02 5.3E-03 1.3E-02 3.0E-01 3.7E-03 
GG3 7.2E-02 3.9E-02 1.5E-02 3.3E-02 4.4E-03 1.4E-02 3.2E-01 2.5E-03 
GG3 5.5E-02 3.5E-02 1.5E-02 3.2E-02 4.1E-03 1.2E-02 3.3E-01 3.0E-03 
GG3 5.8E-02 3.4E-02 1.5E-02 3.0E-02 4.3E-03 1.3E-02 3.5E-01 2.5E-03 
GG3 7.1E-02 3.8E-02 1.4E-02 3.9E-02 3.0E-03 1.3E-02 3.2E-01 2.2E-03 
GG3 6.4E-02 2.6E-02 1.7E-02 3.7E-02 6.2E-03 1.3E-02 3.5E-01 3.1E-03 
GG3 5.7E-02 1.2E-02 1.1E-02 4.2E-02 1.3E-03 1.2E-02 3.5E-01 2.0E-03 
GG3 6.9E-02 2.4E-02 1.3E-02 4.0E-02 7.0E-03 1.4E-02 3.4E-01 2.2E-03 
GG3 3.7E-02 2.5E-02 1.0E-02 2.9E-02 6.0E-03 8.7E-03 3.7E-01 1.7E-03 
GG3 5.8E-02 3.0E-02 1.7E-02 3.6E-02 4.9E-03 1.3E-02 3.4E-01 2.6E-03 
GG3 8.4E-02 2.3E-02 1.4E-02 4.8E-02 2.3E-03 1.5E-02 3.1E-01 2.1E-03 
GG3 8.2E-02 1.2E-02 9.2E-03 4.8E-02 1.2E-03 1.5E-02 3.2E-01 1.3E-03 
GG3 3.0E-03 2.1E-03 1.6E-03 3.4E-03 1.4E-03 2.1E-03 4.7E-01 1.1E-04 
GG3 3.6E-02 1.9E-02 1.1E-02 3.0E-02 3.2E-03 1.0E-02 3.8E-01 1.7E-03 
GG3 6.3E-02 2.6E-02 1.3E-02 4.0E-02 3.5E-03 1.4E-02 3.5E-01 2.7E-03 
 
 
330 
ID Al Ca Fe K Mg Na Si Ti 
GG3 6.7E-02 2.0E-02 1.4E-02 4.1E-02 3.5E-03 1.4E-02 3.4E-01 3.1E-03 
GG3 1.8E-02 4.3E-03 7.6E-03 1.7E-02 4.0E-03 7.8E-03 4.0E-01 1.0E-03 
GG3 8.9E-02 2.0E-02 1.2E-02 4.2E-02 1.8E-03 1.5E-02 3.2E-01 7.5E-04 
GG3 5.1E-02 2.1E-02 1.5E-02 3.4E-02 4.6E-03 1.3E-02 3.5E-01 3.6E-03 
GG3 4.3E-02 2.3E-02 1.5E-02 3.1E-02 3.5E-03 1.1E-02 3.6E-01 2.5E-03 
GG3 3.6E-02 1.6E-02 1.1E-02 2.8E-02 2.1E-03 9.3E-03 3.9E-01 1.2E-03 
GG3 2.6E-03 1.1E-04 1.9E-04 1.3E-03 6.0E-05 1.4E-03 4.6E-01 0.0E+00 
GG3 2.9E-03 9.7E-04 7.6E-04 1.8E-03 1.1E-03 1.7E-03 4.7E-01 1.4E-04 
GG3 5.3E-02 2.3E-02 1.5E-02 3.2E-02 3.9E-03 1.3E-02 3.6E-01 3.2E-03 
GG3 2.9E-03 3.6E-04 0.0E+00 1.5E-03 6.8E-04 1.5E-03 4.7E-01 8.3E-05 
GG3 6.6E-02 1.1E-02 8.8E-03 4.2E-02 1.0E-03 1.5E-02 3.5E-01 1.5E-03 
GG3 7.6E-02 2.0E-02 1.0E-02 4.3E-02 1.7E-03 1.6E-02 3.3E-01 1.5E-03 
GG3 1.8E-02 7.2E-03 6.1E-03 1.9E-02 6.5E-04 5.8E-03 4.2E-01 8.8E-04 
GG3 5.4E-02 2.5E-02 1.3E-02 3.7E-02 5.8E-03 9.9E-03 3.5E-01 1.8E-03 
GG3 4.4E-02 2.2E-02 1.2E-02 3.5E-02 3.3E-03 1.2E-02 3.6E-01 2.0E-03 
GG3 6.5E-02 3.4E-02 1.5E-02 3.6E-02 7.1E-03 1.5E-02 3.3E-01 2.0E-03 
GG3 1.7E-02 1.8E-02 1.2E-02 3.3E-02 9.2E-04 2.5E-03 4.3E-01 1.6E-03 
GG3 4.9E-02 1.9E-02 9.5E-03 3.6E-02 2.4E-03 1.4E-02 3.6E-01 1.5E-03 
GG3 5.2E-02 2.7E-02 1.3E-02 3.6E-02 6.8E-03 1.4E-02 3.6E-01 2.3E-03 
GG3 1.8E-03 8.4E-03 6.8E-03 4.0E-03 1.4E-03 3.5E-03 4.3E-01 1.1E-04 
GG3 9.5E-02 3.8E-02 1.9E-02 3.0E-02 8.6E-03 2.3E-02 3.0E-01 2.1E-03 
GG3 3.9E-02 2.0E-02 1.2E-02 3.3E-02 3.5E-03 1.2E-02 3.7E-01 1.6E-03 
GG3 3.2E-02 1.6E-02 1.2E-02 3.0E-02 3.0E-03 9.5E-03 3.9E-01 1.3E-03 
GG3 5.8E-02 3.0E-02 1.3E-02 3.5E-02 6.2E-03 1.4E-02 3.5E-01 2.1E-03 
GG3 1.0E-01 3.9E-02 1.4E-02 3.2E-02 4.3E-03 2.6E-02 2.9E-01 1.6E-03 
GG3 5.4E-02 1.8E-02 1.2E-02 3.4E-02 2.9E-03 1.8E-02 3.6E-01 2.0E-03 
GG3 6.0E-02 1.8E-02 9.0E-03 3.8E-02 1.9E-03 1.8E-02 3.5E-01 1.1E-03 
GG3 5.8E-02 2.0E-02 1.1E-02 3.9E-02 2.7E-03 1.5E-02 3.5E-01 2.5E-03 
GG3 7.5E-02 4.4E-02 1.7E-02 3.3E-02 7.3E-03 1.6E-02 3.3E-01 2.9E-03 
GG3 9.8E-02 2.8E-02 1.0E-02 3.6E-02 2.1E-03 2.8E-02 3.0E-01 1.2E-03 
GG3 6.1E-02 1.9E-02 1.2E-02 3.7E-02 2.9E-03 2.0E-02 3.4E-01 2.1E-03 
GG3 5.6E-02 2.5E-02 1.3E-02 3.9E-02 3.7E-03 1.4E-02 3.4E-01 2.5E-03 
GG3 6.8E-02 3.3E-02 1.3E-02 3.6E-02 3.6E-03 1.5E-02 3.3E-01 2.3E-03 
GG3 8.4E-02 4.3E-02 3.4E-02 2.3E-02 1.1E-02 1.6E-02 3.1E-01 3.8E-03 
GG3 5.1E-02 2.0E-02 1.3E-02 2.5E-02 8.7E-03 1.3E-02 3.7E-01 1.5E-03 
GG3 6.0E-02 4.3E-02 2.1E-02 2.5E-02 5.9E-03 1.3E-02 3.4E-01 3.8E-03 
GG3 5.4E-02 7.1E-02 3.1E-02 2.0E-02 9.2E-03 1.1E-02 3.3E-01 2.1E-03 
GG3 3.1E-03 1.4E-03 2.5E-03 2.6E-03 1.1E-03 1.9E-03 4.6E-01 1.7E-04 
GG3 3.0E-03 1.9E-03 1.9E-03 1.5E-03 1.5E-03 2.0E-03 4.6E-01 3.5E-04 
 
 
331 
ID Al Ca Fe K Mg Na Si Ti 
GG3 2.9E-03 1.3E-04 1.2E-04 5.3E-04 8.2E-04 5.8E-04 4.8E-01 0.0E+00 
GG3 5.5E-02 1.9E-02 1.1E-02 2.8E-02 5.0E-03 1.4E-02 3.7E-01 2.3E-03 
GG3 5.6E-02 2.4E-02 1.5E-02 2.9E-02 3.6E-03 1.5E-02 3.5E-01 1.2E-03 
GG3 9.1E-02 3.2E-02 1.4E-02 3.1E-02 8.0E-03 2.3E-02 3.2E-01 3.1E-03 
GG3 6.4E-02 3.3E-02 1.7E-02 3.0E-02 8.2E-03 1.8E-02 3.4E-01 2.8E-03 
GG3 8.2E-02 4.1E-02 2.4E-02 2.5E-02 5.6E-03 1.6E-02 3.1E-01 4.5E-03 
GG3 7.4E-02 3.0E-02 1.9E-02 2.9E-02 7.0E-03 1.9E-02 3.4E-01 2.7E-03 
GG3 9.3E-02 3.1E-02 1.2E-02 3.2E-02 6.4E-03 2.4E-02 3.1E-01 2.2E-03 
GG3 7.7E-02 3.7E-02 1.9E-02 3.0E-02 8.2E-03 2.2E-02 3.2E-01 3.0E-03 
GG3 1.3E-02 4.4E-03 6.4E-03 1.0E-02 2.6E-04 4.5E-03 4.3E-01 5.9E-04 
GG3 3.9E-02 1.7E-02 1.2E-02 2.4E-02 2.6E-03 1.1E-02 3.9E-01 1.1E-03 
GG3 6.9E-02 2.7E-02 1.7E-02 3.1E-02 4.4E-03 1.9E-02 3.3E-01 2.5E-03 
GG3 9.8E-02 3.0E-02 1.2E-02 3.1E-02 6.4E-03 2.4E-02 3.1E-01 1.6E-03 
GG3 8.9E-02 3.6E-02 1.8E-02 2.9E-02 7.5E-03 2.3E-02 3.1E-01 2.4E-03 
GG3 3.4E-03 1.6E-03 2.2E-03 2.3E-03 9.1E-04 2.0E-03 4.7E-01 0.0E+00 
GG3 9.6E-02 3.3E-02 1.3E-02 3.0E-02 6.2E-03 2.6E-02 3.1E-01 2.2E-03 
GG3 2.7E-02 1.8E-02 1.3E-02 2.6E-02 7.5E-04 5.6E-03 4.0E-01 1.2E-03 
GG3 4.0E-02 2.1E-02 1.0E-02 2.8E-02 1.8E-03 1.1E-02 3.7E-01 2.5E-03 
GG3 3.9E-02 2.3E-02 1.2E-02 2.6E-02 2.8E-03 1.1E-02 3.6E-01 2.7E-03 
GG3 2.6E-02 6.7E-03 4.2E-03 1.6E-02 2.1E-03 7.2E-03 4.2E-01 2.4E-04 
GG3 2.7E-03 0.0E+00 5.8E-04 1.3E-03 1.5E-05 1.2E-03 4.7E-01 6.4E-05 
GG3 6.5E-02 2.7E-02 1.2E-02 3.3E-02 2.4E-03 1.6E-02 3.4E-01 2.6E-03 
GG3 6.6E-02 3.5E-02 1.2E-02 2.8E-02 2.6E-03 1.6E-02 3.4E-01 2.1E-03 
GG3 7.0E-02 4.5E-02 1.6E-02 2.5E-02 7.1E-03 1.6E-02 3.3E-01 4.5E-03 
GG3 4.3E-02 1.2E-02 4.6E-03 2.5E-02 5.4E-04 1.2E-02 3.9E-01 6.2E-04 
GG3 5.9E-02 2.9E-02 1.8E-02 3.1E-02 3.1E-03 1.5E-02 3.5E-01 2.6E-03 
GG3 7.1E-02 5.0E-02 1.7E-02 2.4E-02 4.5E-03 1.6E-02 3.2E-01 3.7E-03 
GG3 7.2E-02 5.0E-02 1.9E-02 2.3E-02 7.9E-03 1.5E-02 3.3E-01 3.8E-03 
GG3 7.1E-02 4.2E-02 2.3E-02 2.5E-02 8.0E-03 1.5E-02 3.3E-01 3.1E-03 
GG3 5.7E-02 1.9E-02 1.6E-02 4.5E-02 2.9E-03 1.2E-02 3.5E-01 2.3E-03 
GG3 7.1E-02 4.5E-02 2.7E-02 3.0E-02 5.6E-03 1.6E-02 3.1E-01 4.4E-03 
GG3 5.8E-02 9.2E-02 4.5E-02 1.7E-02 8.7E-03 1.2E-02 3.0E-01 6.1E-03 
GG3 9.1E-02 5.2E-02 2.6E-02 2.4E-02 9.1E-03 1.8E-02 3.0E-01 3.4E-03 
GG3 7.2E-02 3.4E-02 1.9E-02 2.7E-02 4.7E-03 1.6E-02 3.3E-01 2.6E-03 
GG3 7.2E-02 6.5E-02 2.5E-02 2.7E-02 5.3E-03 1.5E-02 3.1E-01 3.5E-03 
GG3 4.9E-02 1.1E-01 4.3E-02 1.6E-02 7.4E-03 1.0E-02 3.1E-01 5.3E-03 
GG3 2.8E-03 0.0E+00 3.8E-04 1.6E-03 7.0E-04 1.4E-03 4.7E-01 4.4E-05 
GG3 2.2E-02 6.8E-03 8.2E-03 1.6E-02 5.3E-04 7.9E-03 4.1E-01 5.9E-04 
GG3 6.4E-02 2.0E-03 2.9E-03 5.1E-02 1.6E-03 1.2E-02 3.6E-01 3.1E-04 
 
 
332 
ID Al Ca Fe K Mg Na Si Ti 
GG3 1.2E-01 9.7E-03 2.4E-03 2.5E-02 1.7E-03 5.2E-02 2.9E-01 4.3E-05 
GG3 1.2E-01 1.5E-02 1.8E-03 2.8E-02 2.0E-03 4.8E-02 2.8E-01 0.0E+00 
GG3 8.0E-02 2.3E-02 1.5E-02 4.6E-02 7.3E-03 1.7E-02 3.3E-01 2.8E-03 
GG3 4.3E-02 2.2E-02 2.0E-02 4.4E-02 4.2E-03 8.7E-03 3.6E-01 2.2E-03 
GG3 8.5E-02 3.4E-02 1.8E-02 3.7E-02 8.6E-03 1.9E-02 3.1E-01 3.6E-03 
GG3 9.6E-02 2.7E-02 1.2E-02 4.0E-02 6.2E-03 2.2E-02 3.0E-01 1.1E-03 
GG3 9.6E-02 1.7E-02 1.1E-02 6.4E-02 7.3E-04 1.6E-02 3.0E-01 8.0E-04 
GG3 4.0E-03 2.1E-03 3.7E-03 3.5E-03 1.8E-03 2.2E-03 4.7E-01 9.1E-05 
GG3 8.5E-02 3.1E-02 1.2E-02 4.0E-02 4.5E-03 1.7E-02 3.2E-01 1.9E-03 
GG3 7.2E-04 3.5E-04 3.1E-04 1.5E-03 9.6E-05 5.5E-04 4.7E-01 1.8E-04 
GG3 1.0E-01 3.4E-03 6.1E-04 7.7E-02 8.8E-04 2.1E-02 3.0E-01 2.4E-04 
GG3 9.9E-02 3.2E-03 4.2E-04 8.0E-02 1.0E-03 2.0E-02 2.9E-01 5.8E-04 
GG3 6.7E-02 2.5E-02 2.3E-02 3.4E-02 7.4E-03 1.6E-02 3.5E-01 4.7E-03 
GG3 6.7E-03 2.2E-02 8.6E-03 7.3E-03 1.3E-03 3.1E-03 4.3E-01 2.9E-04 
GG3 6.2E-02 4.4E-02 1.6E-02 3.6E-02 3.8E-03 1.1E-02 3.2E-01 1.7E-03 
GG3 8.7E-02 1.7E-02 1.2E-02 4.2E-02 6.4E-03 2.5E-02 3.2E-01 1.3E-03 
GG3 8.6E-02 3.7E-02 2.5E-02 3.5E-02 9.2E-03 1.9E-02 3.1E-01 4.5E-03 
GG3 1.8E-03 3.3E-04 3.3E-04 1.1E-03 0.0E+00 4.8E-04 4.4E-01 6.3E-05 
GG3 9.3E-02 3.5E-02 1.4E-02 4.2E-02 2.0E-03 2.0E-02 3.0E-01 1.3E-03 
GG3 8.1E-02 3.5E-02 1.8E-02 4.0E-02 5.6E-03 1.8E-02 3.2E-01 2.4E-03 
GG3 9.4E-02 3.4E-02 1.6E-02 4.4E-02 1.7E-03 2.0E-02 3.0E-01 5.6E-04 
GG3 5.4E-02 2.9E-02 1.5E-02 2.9E-02 4.1E-03 1.5E-02 3.5E-01 2.8E-03 
GG3 6.7E-02 3.4E-02 1.5E-02 3.5E-02 1.5E-03 5.4E-03 3.6E-01 2.6E-03 
GG3 6.7E-02 3.1E-02 1.4E-02 3.6E-02 3.3E-03 1.8E-02 3.3E-01 2.2E-03 
GG3 6.6E-02 2.9E-02 1.6E-02 3.8E-02 3.3E-03 1.6E-02 3.4E-01 2.2E-03 
GG3 7.1E-02 4.4E-02 1.9E-02 2.9E-02 4.9E-03 1.7E-02 3.2E-01 2.8E-03 
GG3 7.9E-02 5.0E-02 2.0E-02 3.1E-02 5.5E-03 1.8E-02 3.0E-01 3.4E-03 
GG3 3.4E-02 2.5E-02 1.4E-02 2.8E-02 3.0E-03 1.0E-02 3.7E-01 2.2E-03 
GG3 7.7E-02 5.5E-02 2.3E-02 2.6E-02 8.3E-03 1.7E-02 3.1E-01 4.5E-03 
GG3 6.6E-02 4.7E-02 2.3E-02 3.2E-02 5.3E-03 1.6E-02 3.2E-01 4.6E-03 
GG3 5.8E-02 3.4E-02 2.0E-02 3.4E-02 4.3E-03 1.5E-02 3.4E-01 3.2E-03 
GG3 2.8E-03 7.6E-05 4.5E-04 9.0E-04 4.9E-05 6.0E-04 4.7E-01 3.1E-04 
GG3 4.5E-03 1.9E-03 3.2E-03 3.7E-03 1.0E-03 2.1E-03 4.7E-01 2.9E-04 
GG3 3.2E-03 3.1E-04 7.5E-04 1.6E-03 7.8E-04 1.4E-03 4.8E-01 5.3E-04 
GG3 6.3E-02 3.7E-02 2.5E-02 3.4E-02 3.4E-03 1.6E-02 3.3E-01 2.0E-03 
GG3 5.4E-02 2.7E-02 1.9E-02 3.4E-02 6.3E-03 1.4E-02 3.6E-01 2.8E-03 
GG3 8.5E-02 4.1E-02 1.9E-02 3.6E-02 3.4E-03 1.8E-02 3.1E-01 2.5E-03 
GG3 7.5E-02 4.4E-02 2.0E-02 3.3E-02 4.3E-03 1.6E-02 3.1E-01 2.5E-03 
GG3 7.1E-02 4.7E-02 2.0E-02 3.0E-02 7.0E-03 1.6E-02 3.3E-01 3.2E-03 
 
 
333 
ID Al Ca Fe K Mg Na Si Ti 
GG3 7.4E-02 6.0E-02 2.2E-02 2.6E-02 8.6E-03 1.5E-02 3.1E-01 4.2E-03 
GG3 2.4E-05 3.4E-04 1.8E-04 1.4E-03 0.0E+00 5.0E-04 4.5E-01 3.5E-05 
GG3 5.7E-02 3.4E-02 1.6E-02 3.3E-02 3.4E-03 1.4E-02 3.5E-01 2.6E-03 
GG3 7.4E-02 4.9E-02 1.8E-02 3.0E-02 4.5E-03 1.6E-02 3.1E-01 2.7E-03 
GG3 7.5E-02 5.2E-02 1.9E-02 2.9E-02 7.4E-03 1.6E-02 3.2E-01 2.9E-03 
GG3 7.7E-02 5.3E-02 2.0E-02 3.0E-02 3.6E-03 1.1E-02 3.1E-01 2.5E-03 
GG3 8.2E-02 5.2E-02 1.8E-02 3.0E-02 4.5E-03 1.7E-02 3.1E-01 2.7E-03 
GG3 7.8E-02 4.9E-02 1.7E-02 2.9E-02 6.7E-03 1.6E-02 3.2E-01 2.8E-03 
GG3 1.6E-02 1.4E-02 9.8E-03 1.7E-02 2.1E-03 6.5E-03 4.1E-01 8.5E-04 
GG3 4.2E-03 3.9E-03 4.7E-03 3.4E-03 1.8E-03 2.2E-03 4.6E-01 5.8E-05 
GG3 3.9E-02 3.3E-02 1.8E-02 2.3E-02 4.5E-03 1.1E-02 3.8E-01 3.6E-03 
GG3 7.1E-02 5.3E-02 1.8E-02 2.5E-02 7.0E-03 1.5E-02 3.3E-01 3.1E-03 
GG3 5.1E-02 4.1E-02 1.5E-02 2.6E-02 3.9E-03 1.3E-02 3.5E-01 2.8E-03 
GG3 4.4E-03 1.9E-03 3.7E-03 3.5E-03 1.9E-03 2.0E-03 4.7E-01 2.3E-04 
GG3 4.5E-02 2.6E-02 1.5E-02 2.8E-02 2.0E-03 1.0E-02 4.0E-01 1.5E-03 
GG3 6.6E-02 6.0E-02 2.1E-02 2.3E-02 5.7E-03 1.4E-02 3.2E-01 4.0E-03 
GG3 2.8E-02 2.0E-02 9.6E-03 1.8E-02 1.6E-03 8.3E-03 4.1E-01 1.6E-03 
GG3 2.7E-03 4.1E-03 2.1E-03 1.3E-03 1.1E-03 1.5E-03 4.7E-01 9.1E-05 
GG3 6.1E-02 5.7E-02 1.8E-02 2.1E-02 5.2E-03 1.3E-02 3.4E-01 3.8E-03 
GG3 6.2E-02 4.3E-02 2.0E-02 2.8E-02 4.5E-03 1.5E-02 3.3E-01 2.5E-03 
GG3 7.4E-02 5.5E-02 2.2E-02 2.5E-02 8.2E-03 1.5E-02 3.1E-01 3.6E-03 
GG3 7.0E-02 6.1E-02 2.1E-02 2.6E-02 5.9E-03 1.5E-02 3.1E-01 3.4E-03 
GG3 7.3E-02 6.1E-02 2.1E-02 2.6E-02 5.6E-03 1.5E-02 3.0E-01 3.6E-03 
GG3 8.1E-02 5.7E-02 1.9E-02 2.5E-02 7.7E-03 1.6E-02 3.2E-01 2.6E-03 
GG3 7.8E-02 5.7E-02 1.9E-02 2.5E-02 7.7E-03 1.6E-02 3.2E-01 3.2E-03 
GG3 7.8E-02 5.9E-02 1.9E-02 2.5E-02 7.7E-03 1.5E-02 3.2E-01 3.0E-03 
GG3 7.5E-02 5.8E-02 1.8E-02 2.5E-02 7.3E-03 1.5E-02 3.2E-01 3.2E-03 
GG3 8.2E-02 5.1E-02 1.7E-02 2.8E-02 6.9E-03 1.7E-02 3.3E-01 2.2E-03 
GG3 8.4E-02 5.2E-02 1.9E-02 2.7E-02 7.3E-03 1.7E-02 3.2E-01 2.7E-03 
GG3 6.5E-02 4.1E-02 1.5E-02 2.8E-02 6.2E-03 1.5E-02 3.4E-01 2.5E-03 
GG3 7.8E-02 5.5E-02 1.7E-02 2.5E-02 7.5E-03 1.6E-02 3.2E-01 2.6E-03 
GG3 6.2E-02 4.3E-02 1.6E-02 2.6E-02 4.0E-03 1.4E-02 3.4E-01 2.9E-03 
GG3 6.1E-02 5.1E-02 1.8E-02 2.6E-02 4.7E-03 1.3E-02 3.2E-01 3.2E-03 
GG3 7.0E-02 6.2E-02 2.1E-02 2.4E-02 5.7E-03 1.4E-02 3.2E-01 4.0E-03 
GG3 8.5E-02 5.7E-02 1.7E-02 2.6E-02 4.2E-03 1.6E-02 3.0E-01 2.4E-03 
GG3 1.5E-02 7.9E-03 5.4E-03 1.0E-02 2.1E-03 5.2E-03 4.2E-01 7.2E-04 
GG3 7.2E-02 5.9E-02 1.8E-02 2.4E-02 4.9E-03 1.5E-02 3.2E-01 3.2E-03 
GG3 6.5E-02 5.7E-02 2.0E-02 2.4E-02 5.6E-03 1.4E-02 3.2E-01 3.7E-03 
GG3 7.2E-02 6.4E-02 1.9E-02 2.2E-02 5.3E-03 1.4E-02 3.1E-01 3.2E-03 
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ID Al Ca Fe K Mg Na Si Ti 
GG3 3.7E-02 3.3E-02 1.2E-02 1.9E-02 5.5E-03 9.9E-03 3.9E-01 2.1E-03 
GG3 6.9E-02 5.3E-02 1.6E-02 2.5E-02 7.5E-03 1.4E-02 3.3E-01 2.8E-03 
GG3 8.6E-02 4.6E-02 1.2E-02 3.5E-02 3.4E-03 1.6E-02 3.1E-01 1.3E-03 
GG3 2.6E-03 4.2E-04 1.3E-04 8.6E-04 2.5E-04 5.3E-04 4.6E-01 0.0E+00 
GG3 7.5E-02 4.9E-02 1.7E-02 3.8E-02 8.1E-03 1.5E-02 3.2E-01 3.1E-03 
GG3 7.1E-02 6.3E-02 2.7E-02 2.5E-02 8.8E-03 1.3E-02 3.0E-01 6.2E-03 
GG3 2.9E-03 5.3E-05 5.8E-04 8.0E-04 1.3E-05 5.0E-04 4.8E-01 1.4E-04 
GG3 6.0E-02 4.9E-02 1.8E-02 2.3E-02 8.0E-03 1.4E-02 3.3E-01 3.5E-03 
GG3 7.2E-02 4.7E-02 1.5E-02 2.9E-02 6.4E-03 1.5E-02 3.2E-01 2.8E-03 
GG3 6.9E-02 5.7E-02 2.0E-02 2.8E-02 7.7E-03 1.3E-02 3.3E-01 3.0E-03 
GG3 7.0E-02 6.0E-02 2.1E-02 2.9E-02 5.5E-03 1.3E-02 3.2E-01 3.1E-03 
GG3 7.2E-02 5.3E-02 1.8E-02 2.9E-02 7.8E-03 1.4E-02 3.2E-01 2.5E-03 
GG3 6.8E-02 6.4E-02 1.9E-02 2.8E-02 5.4E-03 1.3E-02 3.1E-01 2.9E-03 
GG3 7.1E-02 6.1E-02 2.0E-02 2.7E-02 8.3E-03 1.4E-02 3.2E-01 3.5E-03 
GG3 6.9E-02 5.8E-02 2.3E-02 2.5E-02 9.1E-03 1.4E-02 3.3E-01 3.7E-03 
GG3 5.2E-02 4.0E-02 1.9E-02 2.5E-02 6.4E-03 1.3E-02 3.5E-01 2.2E-03 
GG3 7.1E-02 6.8E-02 2.1E-02 2.9E-02 5.5E-03 1.3E-02 3.0E-01 3.7E-03 
GG3 7.6E-02 6.3E-02 2.1E-02 2.7E-02 8.8E-03 1.4E-02 3.1E-01 3.9E-03 
GG3 6.0E-02 4.3E-02 1.4E-02 2.9E-02 3.8E-03 1.3E-02 3.4E-01 2.5E-03 
GG3 7.4E-02 5.7E-02 2.0E-02 2.4E-02 8.8E-03 1.5E-02 3.2E-01 3.6E-03 
GG3 6.9E-02 6.5E-02 2.0E-02 2.5E-02 5.8E-03 1.4E-02 3.0E-01 3.5E-03 
GG3 4.1E-02 3.4E-02 1.2E-02 2.4E-02 2.5E-03 1.1E-02 3.7E-01 2.0E-03 
GG3 7.4E-02 6.9E-02 2.6E-02 2.5E-02 7.7E-03 1.3E-02 2.9E-01 7.4E-03 
GG3 7.7E-02 6.6E-02 2.1E-02 2.3E-02 8.3E-03 1.4E-02 3.1E-01 3.4E-03 
GG3 6.8E-02 6.0E-02 1.8E-02 2.2E-02 5.3E-03 1.5E-02 3.2E-01 3.4E-03 
GG3 5.4E-02 4.2E-02 1.4E-02 2.6E-02 5.9E-03 1.3E-02 3.5E-01 2.8E-03 
GG3 6.3E-02 6.0E-02 2.1E-02 2.3E-02 8.4E-03 1.3E-02 3.2E-01 3.7E-03 
GG3 1.1E-02 1.2E-02 5.9E-03 1.2E-02 1.4E-04 5.5E-03 4.4E-01 1.8E-04 
GG3 4.4E-03 2.3E-03 2.2E-03 3.0E-03 1.4E-03 2.1E-03 4.7E-01 7.0E-05 
GG3 6.8E-02 7.3E-02 2.4E-02 2.6E-02 6.7E-03 1.2E-02 3.0E-01 3.5E-03 
GG3 6.3E-02 5.2E-02 2.0E-02 2.7E-02 5.6E-03 1.3E-02 3.3E-01 3.4E-03 
GG3 6.4E-02 5.4E-02 1.9E-02 2.6E-02 5.6E-03 1.3E-02 3.2E-01 3.6E-03 
GG3 3.0E-03 9.7E-05 4.1E-04 1.1E-03 8.5E-04 1.4E-03 4.7E-01 1.5E-04 
GG3 7.1E-02 4.8E-02 1.9E-02 2.7E-02 7.8E-03 1.5E-02 3.3E-01 3.3E-03 
GG3 7.1E-02 6.8E-02 2.2E-02 2.8E-02 6.1E-03 1.3E-02 3.0E-01 3.9E-03 
GG3 7.3E-02 5.7E-02 2.0E-02 2.8E-02 7.8E-03 1.4E-02 3.2E-01 3.5E-03 
GG3 6.8E-02 7.0E-02 2.1E-02 2.6E-02 8.3E-03 1.3E-02 3.2E-01 3.1E-03 
GG3 7.4E-02 7.4E-02 2.4E-02 2.4E-02 9.2E-03 1.4E-02 3.1E-01 4.2E-03 
GG3 4.8E-02 3.3E-02 1.8E-02 3.2E-02 3.8E-03 1.7E-02 3.6E-01 2.1E-03 
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ID Al Ca Fe K Mg Na Si Ti 
GG3 2.3E-02 1.6E-02 9.0E-03 1.5E-02 1.4E-03 5.9E-03 4.1E-01 2.0E-03 
GG3 7.4E-02 6.9E-02 2.2E-02 2.4E-02 9.4E-03 1.4E-02 3.1E-01 3.3E-03 
GG3 7.0E-02 6.5E-02 2.4E-02 2.9E-02 7.4E-03 1.3E-02 2.9E-01 6.2E-03 
GG3 7.1E-02 6.7E-02 2.3E-02 2.3E-02 9.6E-03 1.4E-02 3.2E-01 4.3E-03 
GG3 6.2E-02 4.3E-02 1.9E-02 2.9E-02 6.7E-03 1.3E-02 3.3E-01 2.9E-03 
GG3 7.1E-02 8.1E-02 2.4E-02 2.4E-02 8.8E-03 1.3E-02 3.0E-01 3.8E-03 
GG3 7.0E-02 7.3E-02 2.2E-02 2.3E-02 9.5E-03 1.4E-02 3.2E-01 3.6E-03 
GG3 7.0E-02 7.1E-02 2.2E-02 2.5E-02 8.4E-03 1.3E-02 3.0E-01 4.0E-03 
GG3 6.8E-02 5.9E-02 2.1E-02 2.5E-02 8.2E-03 1.4E-02 3.2E-01 3.4E-03 
GG3 6.6E-02 5.1E-02 2.0E-02 2.7E-02 7.5E-03 1.4E-02 3.3E-01 3.0E-03 
GG3 7.0E-02 6.0E-02 2.0E-02 2.8E-02 5.9E-03 1.4E-02 3.0E-01 3.2E-03 
GG3 2.3E-04 2.2E-04 5.8E-04 8.7E-04 2.3E-05 3.7E-04 4.5E-01 2.0E-04 
GG3 7.5E-02 6.2E-02 2.0E-02 2.7E-02 5.7E-03 1.5E-02 3.0E-01 4.8E-03 
GG3 6.2E-02 5.6E-02 2.0E-02 2.4E-02 8.0E-03 1.4E-02 3.4E-01 3.3E-03 
GG3 7.4E-02 5.5E-02 2.1E-02 2.6E-02 8.3E-03 1.5E-02 3.1E-01 3.1E-03 
GG3 7.1E-02 6.7E-02 2.2E-02 2.4E-02 8.8E-03 1.5E-02 3.1E-01 3.7E-03 
GG3 5.3E-02 2.3E-02 1.5E-02 3.2E-02 2.3E-03 1.4E-02 3.6E-01 1.3E-03 
GG3 8.0E-02 4.7E-02 2.0E-02 2.8E-02 8.1E-03 1.7E-02 3.2E-01 3.9E-03 
GG3 6.4E-02 4.5E-02 2.1E-02 2.8E-02 5.0E-03 1.5E-02 3.3E-01 3.1E-03 
GG3 7.3E-02 5.5E-02 2.2E-02 2.5E-02 8.6E-03 1.5E-02 3.3E-01 3.4E-03 
GG3 7.3E-02 5.9E-02 2.1E-02 2.9E-02 8.5E-03 1.5E-02 3.1E-01 3.8E-03 
GG3 6.1E-02 4.6E-02 1.7E-02 3.0E-02 6.8E-03 1.4E-02 3.3E-01 3.1E-03 
GG3 1.2E-02 1.0E-02 1.1E-02 1.4E-02 6.0E-04 5.9E-03 4.3E-01 1.8E-03 
GG3 2.0E-02 1.7E-02 1.3E-02 1.8E-02 1.4E-03 7.7E-03 4.2E-01 1.9E-03 
GG3 7.7E-02 4.5E-02 1.9E-02 3.2E-02 7.1E-03 1.7E-02 3.2E-01 2.9E-03 
GG3 8.3E-02 3.6E-02 1.1E-02 3.7E-02 2.3E-03 1.9E-02 3.1E-01 2.0E-03 
GG3 7.3E-02 5.2E-02 2.0E-02 3.1E-02 5.0E-03 1.6E-02 3.1E-01 2.9E-03 
GG3 7.5E-02 5.6E-02 2.2E-02 2.7E-02 8.9E-03 1.6E-02 3.2E-01 3.7E-03 
GG3 5.0E-02 3.2E-02 1.4E-02 2.9E-02 6.6E-03 1.5E-02 3.4E-01 2.7E-03 
GG3 1.7E-02 1.3E-02 1.0E-02 1.6E-02 9.5E-04 5.4E-03 4.0E-01 1.4E-03 
GG3 7.8E-02 1.8E-02 3.0E-03 4.1E-02 2.0E-03 2.0E-02 3.4E-01 1.6E-04 
GG3 8.3E-02 4.4E-02 1.3E-02 3.3E-02 2.4E-03 1.5E-02 3.1E-01 2.0E-03 
GG3 7.2E-02 4.8E-02 1.7E-02 2.9E-02 7.3E-03 1.7E-02 3.3E-01 3.7E-03 
GG3 7.5E-02 5.0E-02 2.2E-02 2.6E-02 5.7E-03 2.3E-02 3.1E-01 3.5E-03 
GG3 7.2E-02 4.8E-02 2.0E-02 2.7E-02 5.5E-03 2.1E-02 3.2E-01 3.3E-03 
GG3 5.9E-02 3.7E-02 1.7E-02 2.8E-02 4.1E-03 1.8E-02 3.5E-01 2.7E-03 
GG3 7.3E-02 5.4E-02 2.1E-02 2.8E-02 4.9E-03 1.7E-02 3.1E-01 2.9E-03 
GG3 7.3E-02 5.2E-02 2.0E-02 2.8E-02 5.1E-03 1.6E-02 3.1E-01 3.1E-03 
GG3 8.6E-02 4.3E-02 1.6E-02 2.6E-02 5.0E-03 2.6E-02 3.0E-01 2.1E-03 
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ID Al Ca Fe K Mg Na Si Ti 
GG3 8.1E-02 4.2E-02 1.9E-02 2.7E-02 5.1E-03 2.3E-02 3.1E-01 2.8E-03 
GG3 8.0E-02 4.5E-02 1.8E-02 2.9E-02 6.9E-03 2.0E-02 3.2E-01 2.7E-03 
GG3 6.8E-02 4.0E-02 1.9E-02 2.9E-02 7.2E-03 1.8E-02 3.4E-01 3.2E-03 
GG3 6.9E-02 4.4E-02 1.9E-02 3.0E-02 7.3E-03 1.6E-02 3.3E-01 3.4E-03 
GG3 7.1E-02 7.1E-02 2.2E-02 2.5E-02 1.1E-02 1.4E-02 3.1E-01 4.0E-03 
GG3 6.1E-02 1.1E-01 2.2E-02 2.1E-02 7.1E-03 1.1E-02 2.9E-01 3.6E-03 
GG3 6.7E-02 1.2E-01 2.5E-02 1.8E-02 8.4E-03 1.1E-02 2.8E-01 3.7E-03 
GG3 6.5E-02 1.1E-01 2.1E-02 2.2E-02 6.7E-03 1.1E-02 2.8E-01 3.6E-03 
GG3 7.0E-02 1.2E-01 2.3E-02 2.1E-02 9.5E-03 1.1E-02 2.9E-01 3.6E-03 
GG3 7.2E-02 1.1E-01 2.2E-02 2.0E-02 9.7E-03 1.2E-02 2.9E-01 3.3E-03 
GG3 7.1E-02 1.1E-01 2.2E-02 1.9E-02 9.8E-03 1.1E-02 2.9E-01 3.7E-03 
GG3 3.7E-02 3.8E-02 1.2E-02 2.7E-02 2.7E-03 1.0E-02 3.7E-01 2.5E-03 
GG3 7.0E-02 9.5E-02 2.4E-02 2.2E-02 7.4E-03 1.2E-02 2.9E-01 3.6E-03 
GG3 7.2E-02 1.1E-01 2.5E-02 2.1E-02 1.0E-02 1.1E-02 2.9E-01 3.9E-03 
GG3 7.1E-02 9.8E-02 2.2E-02 2.1E-02 9.4E-03 1.2E-02 3.0E-01 3.4E-03 
GG3 6.7E-02 1.0E-01 2.3E-02 2.2E-02 6.9E-03 1.2E-02 2.8E-01 3.5E-03 
GG3 7.3E-02 7.6E-02 2.2E-02 2.4E-02 9.0E-03 1.3E-02 3.1E-01 3.3E-03 
GG3 6.9E-02 7.3E-02 2.0E-02 2.6E-02 5.9E-03 1.3E-02 3.1E-01 3.6E-03 
GG3 6.4E-02 6.6E-02 1.9E-02 2.8E-02 5.4E-03 1.3E-02 3.2E-01 4.4E-03 
GG3 6.7E-02 8.7E-02 2.2E-02 2.4E-02 6.5E-03 1.3E-02 3.0E-01 4.0E-03 
GG3 6.9E-02 1.0E-01 2.3E-02 2.0E-02 9.6E-03 1.2E-02 2.9E-01 3.8E-03 
GG3 1.6E-02 1.4E-02 8.4E-03 1.5E-02 7.9E-04 5.6E-03 4.2E-01 1.1E-03 
GG3 7.1E-02 5.8E-02 2.0E-02 2.8E-02 7.7E-03 1.4E-02 3.0E-01 3.8E-03 
GG3 7.0E-02 4.8E-02 1.6E-02 3.0E-02 4.8E-03 1.5E-02 3.2E-01 3.1E-03 
GG3 6.8E-02 9.4E-02 2.3E-02 2.2E-02 8.9E-03 1.2E-02 2.9E-01 3.9E-03 
GG3 7.3E-02 6.7E-02 2.1E-02 2.4E-02 8.8E-03 1.4E-02 3.1E-01 3.9E-03 
GG3 6.5E-02 5.7E-02 2.1E-02 2.5E-02 8.3E-03 1.4E-02 3.3E-01 3.4E-03 
GG3 7.7E-02 5.5E-02 1.9E-02 2.7E-02 7.9E-03 1.5E-02 3.2E-01 3.0E-03 
GG3 7.3E-02 5.4E-02 2.1E-02 2.9E-02 7.9E-03 1.4E-02 3.1E-01 3.2E-03 
GG3 6.6E-02 7.2E-02 2.0E-02 2.5E-02 5.8E-03 1.3E-02 3.0E-01 3.6E-03 
GG3 6.0E-02 5.8E-02 1.9E-02 2.6E-02 5.5E-03 1.4E-02 3.2E-01 3.4E-03 
GG3 6.5E-02 5.7E-02 2.1E-02 2.4E-02 8.7E-03 1.4E-02 3.3E-01 3.9E-03 
GG3 5.0E-02 3.3E-02 1.5E-02 2.8E-02 3.4E-03 1.3E-02 3.6E-01 2.1E-03 
GG3 7.3E-02 7.5E-02 2.4E-02 2.5E-02 9.3E-03 1.3E-02 3.1E-01 3.8E-03 
GG3 6.6E-02 6.5E-02 2.2E-02 2.5E-02 6.6E-03 1.3E-02 3.1E-01 3.7E-03 
GG3 7.4E-02 5.4E-02 2.0E-02 2.7E-02 8.1E-03 1.4E-02 3.2E-01 3.1E-03 
GG3 7.1E-02 6.6E-02 2.1E-02 2.6E-02 8.3E-03 1.4E-02 3.1E-01 3.8E-03 
GG3 7.2E-02 6.8E-02 2.3E-02 2.4E-02 8.9E-03 1.3E-02 3.0E-01 3.8E-03 
GG3 6.9E-02 6.7E-02 2.2E-02 2.3E-02 8.9E-03 1.3E-02 3.1E-01 3.9E-03 
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ID Al Ca Fe K Mg Na Si Ti 
GG3 7.2E-02 6.8E-02 2.1E-02 2.6E-02 8.7E-03 1.3E-02 3.1E-01 3.3E-03 
GG3 7.5E-02 6.1E-02 1.9E-02 2.6E-02 8.0E-03 1.5E-02 3.2E-01 3.1E-03 
GG3 7.0E-02 6.1E-02 1.7E-02 2.6E-02 7.0E-03 1.4E-02 3.2E-01 2.9E-03 
GG3 6.9E-02 7.2E-02 2.0E-02 2.7E-02 6.1E-03 1.3E-02 3.0E-01 3.4E-03 
GG3 7.3E-02 6.0E-02 2.1E-02 2.7E-02 8.3E-03 1.4E-02 3.2E-01 3.5E-03 
GG3 6.5E-02 5.6E-02 2.0E-02 2.8E-02 5.7E-03 1.4E-02 3.1E-01 3.4E-03 
GG3 2.2E-02 1.4E-02 8.5E-03 1.9E-02 1.1E-03 5.4E-03 4.0E-01 8.7E-04 
GG3 7.0E-02 6.0E-02 2.1E-02 2.7E-02 5.8E-03 1.4E-02 3.0E-01 4.1E-03 
GG3 7.0E-02 5.3E-02 2.1E-02 2.6E-02 8.6E-03 1.4E-02 3.3E-01 3.7E-03 
GG3 6.1E-02 5.2E-02 1.8E-02 2.8E-02 4.8E-03 1.3E-02 3.3E-01 3.1E-03 
GG3 7.1E-02 6.0E-02 2.0E-02 2.5E-02 5.5E-03 1.4E-02 3.1E-01 3.1E-03 
GG3 6.5E-02 4.8E-02 1.7E-02 2.6E-02 7.8E-03 1.5E-02 3.3E-01 2.8E-03 
GG3 7.3E-02 5.6E-02 1.9E-02 2.7E-02 8.3E-03 1.4E-02 3.2E-01 3.8E-03 
GG3 7.6E-03 4.4E-03 2.2E-03 7.2E-03 1.5E-03 2.9E-03 4.7E-01 5.4E-04 
GG3 6.8E-02 5.2E-02 1.9E-02 2.6E-02 5.7E-03 1.4E-02 3.2E-01 3.2E-03 
GG3 7.3E-02 6.2E-02 2.3E-02 2.3E-02 9.8E-03 1.4E-02 3.2E-01 3.9E-03 
GG3 6.8E-02 5.7E-02 2.0E-02 2.6E-02 5.9E-03 1.4E-02 3.1E-01 3.4E-03 
GG3 6.1E-02 3.9E-02 1.5E-02 2.9E-02 6.1E-03 1.3E-02 3.4E-01 2.5E-03 
GG3 6.8E-02 5.7E-02 1.9E-02 2.5E-02 7.6E-03 1.4E-02 3.0E-01 3.6E-03 
GG3 6.8E-02 5.5E-02 1.9E-02 2.5E-02 8.3E-03 1.5E-02 3.1E-01 3.9E-03 
GG3 6.6E-02 5.1E-02 1.9E-02 2.4E-02 8.3E-03 1.5E-02 3.2E-01 3.5E-03 
GG3 6.9E-02 5.4E-02 1.9E-02 2.5E-02 7.6E-03 1.5E-02 3.0E-01 3.5E-03 
GG3 8.0E-02 5.9E-02 1.9E-02 2.4E-02 7.9E-03 1.6E-02 3.0E-01 3.0E-03 
GG3 7.1E-02 5.8E-02 1.9E-02 2.5E-02 8.1E-03 1.5E-02 3.1E-01 3.0E-03 
GG3 6.2E-02 4.9E-02 1.7E-02 2.5E-02 7.3E-03 1.5E-02 3.2E-01 3.0E-03 
GG3 6.6E-02 5.4E-02 1.9E-02 2.5E-02 7.8E-03 1.4E-02 3.1E-01 3.7E-03 
GG3 7.1E-02 5.9E-02 2.1E-02 2.3E-02 8.5E-03 1.4E-02 3.0E-01 3.7E-03 
GG3 7.3E-02 5.8E-02 2.1E-02 2.4E-02 8.4E-03 1.5E-02 3.1E-01 3.6E-03 
GG3 1.8E-02 1.1E-02 7.6E-03 1.3E-02 3.1E-03 6.7E-03 4.0E-01 1.2E-03 
GG3 6.7E-02 5.4E-02 1.9E-02 2.6E-02 7.2E-03 1.4E-02 3.1E-01 3.4E-03 
GG3 7.0E-02 5.7E-02 2.1E-02 2.6E-02 7.7E-03 1.4E-02 3.0E-01 3.4E-03 
GG3 7.3E-02 6.0E-02 1.9E-02 2.5E-02 8.4E-03 1.5E-02 3.0E-01 3.6E-03 
GG3 6.9E-02 5.6E-02 2.0E-02 2.7E-02 7.9E-03 1.3E-02 3.0E-01 3.2E-03 
GG3 7.0E-02 5.9E-02 2.0E-02 2.7E-02 8.4E-03 1.3E-02 3.0E-01 3.8E-03 
GG3 6.6E-02 5.7E-02 2.0E-02 2.8E-02 7.7E-03 1.3E-02 3.0E-01 3.5E-03 
GG3 7.0E-02 5.2E-02 1.9E-02 2.7E-02 7.6E-03 1.4E-02 3.1E-01 3.5E-03 
GG3 7.1E-02 5.2E-02 2.0E-02 2.7E-02 7.1E-03 1.2E-02 3.1E-01 3.0E-03 
GG3 6.9E-02 5.6E-02 2.2E-02 2.7E-02 7.9E-03 1.3E-02 3.0E-01 3.7E-03 
GG3 6.5E-02 5.2E-02 2.0E-02 2.9E-02 6.0E-03 1.0E-02 3.3E-01 3.5E-03 
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ID Al Ca Fe K Mg Na Si Ti 
GG3 7.3E-02 5.3E-02 2.0E-02 2.9E-02 7.6E-03 1.4E-02 3.1E-01 3.2E-03 
GG3 6.9E-02 5.1E-02 1.9E-02 2.6E-02 7.4E-03 1.4E-02 3.2E-01 2.9E-03 
GG3 5.3E-02 3.4E-02 1.5E-02 2.9E-02 5.7E-03 1.2E-02 3.4E-01 2.5E-03 
GG3 7.0E-02 4.9E-02 2.0E-02 2.8E-02 8.4E-03 1.4E-02 3.1E-01 5.1E-03 
GG3 6.1E-02 4.2E-02 1.8E-02 2.5E-02 7.2E-03 1.4E-02 3.3E-01 2.9E-03 
GG3 7.6E-02 4.6E-02 1.7E-02 2.5E-02 6.9E-03 1.5E-02 3.1E-01 2.8E-03 
GG3 5.8E-03 2.0E-03 2.6E-03 3.1E-03 1.7E-03 3.5E-03 4.5E-01 6.3E-04 
GG3 6.8E-02 5.8E-02 1.9E-02 2.4E-02 8.3E-03 1.4E-02 3.0E-01 3.2E-03 
GG3 6.7E-02 5.4E-02 1.9E-02 2.8E-02 6.9E-03 1.3E-02 3.1E-01 2.7E-03 
GG3 2.1E-02 1.1E-02 8.5E-03 1.6E-02 3.6E-03 7.3E-03 4.0E-01 1.0E-03 
GG3 6.4E-02 4.6E-02 1.9E-02 2.6E-02 7.7E-03 1.5E-02 3.2E-01 3.4E-03 
GG3 7.5E-02 5.5E-02 2.2E-02 2.8E-02 8.4E-03 1.4E-02 3.1E-01 3.5E-03 
GG3 6.8E-02 5.1E-02 1.9E-02 2.8E-02 7.5E-03 1.4E-02 3.1E-01 3.2E-03 
GG3 7.1E-02 5.9E-02 1.9E-02 2.7E-02 7.9E-03 1.3E-02 3.0E-01 3.8E-03 
GG3 2.8E-03 2.2E-03 2.4E-03 1.6E-03 1.3E-03 2.3E-03 4.5E-01 0.0E+00 
GG3 6.1E-02 4.2E-02 1.6E-02 2.6E-02 7.0E-03 1.5E-02 3.2E-01 2.8E-03 
GG3 6.2E-02 4.5E-02 1.5E-02 3.0E-02 7.2E-03 1.4E-02 3.4E-01 1.9E-03 
GG3 5.9E-02 3.3E-02 1.4E-02 3.4E-02 6.3E-03 1.4E-02 3.4E-01 2.1E-03 
GG3 7.8E-02 4.8E-02 2.1E-02 3.2E-02 9.3E-03 1.4E-02 3.2E-01 3.5E-03 
GG3 7.6E-02 5.2E-02 2.5E-02 3.1E-02 1.1E-02 1.4E-02 3.0E-01 3.6E-03 
GG3 2.7E-03 3.3E-04 2.9E-04 1.6E-03 5.7E-04 1.7E-03 4.4E-01 1.5E-04 
GG3 2.5E-03 9.0E-05 2.6E-04 4.4E-04 6.7E-05 4.6E-04 4.6E-01 1.1E-04 
GG3 7.4E-02 5.0E-02 2.2E-02 3.1E-02 8.5E-03 1.3E-02 3.2E-01 3.6E-03 
GG3 6.8E-02 5.0E-02 1.9E-02 3.1E-02 5.1E-03 1.3E-02 3.1E-01 2.8E-03 
GG3 7.0E-02 5.0E-02 1.9E-02 2.9E-02 8.4E-03 1.4E-02 3.1E-01 4.0E-03 
GG3 4.0E-03 2.3E-03 2.6E-03 1.9E-03 1.5E-03 2.0E-03 4.7E-01 0.0E+00 
GG3 5.4E-02 3.8E-02 1.3E-02 3.6E-02 3.5E-03 1.1E-02 3.4E-01 2.1E-03 
GG3 5.4E-02 4.0E-02 1.4E-02 3.6E-02 3.5E-03 1.1E-02 3.4E-01 1.9E-03 
GG3 9.7E-02 1.7E-03 5.9E-04 8.2E-02 1.2E-03 2.1E-02 2.9E-01 1.0E-03 
GG3 9.4E-02 3.3E-02 9.3E-03 5.0E-02 1.9E-03 1.4E-02 3.0E-01 7.9E-04 
GG3 6.9E-02 6.3E-02 2.0E-02 3.0E-02 8.1E-03 1.2E-02 3.1E-01 3.4E-03 
GG3 5.3E-02 4.1E-02 1.6E-02 3.0E-02 6.6E-03 1.2E-02 3.5E-01 2.4E-03 
GG3 8.3E-02 7.6E-02 2.2E-02 2.4E-02 9.6E-03 1.5E-02 3.0E-01 4.2E-03 
GG3 8.1E-02 7.8E-02 2.3E-02 2.3E-02 9.9E-03 1.4E-02 3.0E-01 3.8E-03 
GG3 7.5E-02 7.0E-02 2.5E-02 2.3E-02 9.9E-03 1.4E-02 3.0E-01 3.9E-03 
GG3 7.6E-02 8.3E-02 1.9E-02 2.5E-02 5.4E-03 1.4E-02 2.9E-01 3.1E-03 
GG3 7.7E-02 8.3E-02 2.0E-02 2.3E-02 8.4E-03 1.4E-02 3.0E-01 3.3E-03 
GG3 7.7E-02 7.7E-02 1.9E-02 2.5E-02 5.3E-03 1.5E-02 3.0E-01 3.1E-03 
GG3 7.9E-02 6.9E-02 2.1E-02 2.5E-02 8.7E-03 1.5E-02 3.0E-01 3.8E-03 
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ID Al Ca Fe K Mg Na Si Ti 
GG3 2.8E-02 1.6E-02 1.3E-02 2.0E-02 2.5E-03 8.8E-03 4.0E-01 1.4E-03 
GG3 1.1E-02 6.7E-03 5.5E-03 1.2E-02 4.8E-04 4.3E-03 4.4E-01 5.3E-04 
GG3 6.6E-02 5.2E-02 1.9E-02 3.5E-02 8.0E-03 1.2E-02 3.2E-01 3.2E-03 
GG3 5.5E-02 5.2E-02 1.8E-02 3.1E-02 7.9E-03 1.3E-02 3.3E-01 3.0E-03 
GG3 7.2E-02 7.2E-02 2.7E-02 3.6E-02 1.2E-02 1.2E-02 2.9E-01 3.7E-03 
GG3 7.9E-02 7.2E-02 2.4E-02 2.9E-02 1.0E-02 1.4E-02 3.0E-01 4.2E-03 
GG3 7.0E-02 6.7E-02 2.1E-02 3.5E-02 9.5E-03 1.2E-02 3.1E-01 3.8E-03 
GG3 6.6E-02 5.8E-02 1.8E-02 2.8E-02 7.3E-03 1.4E-02 3.2E-01 3.3E-03 
GG3 6.2E-02 5.2E-02 1.9E-02 3.0E-02 8.7E-03 1.2E-02 3.4E-01 2.9E-03 
GG3 1.1E-02 3.2E-03 4.2E-03 7.9E-03 2.3E-03 3.0E-03 4.6E-01 5.7E-04 
GG3 6.7E-02 6.9E-02 2.1E-02 2.7E-02 5.9E-03 1.3E-02 3.0E-01 3.6E-03 
GG3 7.5E-02 7.5E-02 2.2E-02 2.4E-02 9.3E-03 1.3E-02 3.1E-01 3.8E-03 
GG3 6.8E-02 8.3E-02 2.3E-02 2.5E-02 7.1E-03 1.2E-02 3.0E-01 4.2E-03 
GG3 6.8E-02 6.2E-02 1.9E-02 2.8E-02 5.3E-03 1.3E-02 3.0E-01 3.5E-03 
GG3 6.7E-02 6.7E-02 2.0E-02 2.7E-02 6.0E-03 1.3E-02 3.1E-01 3.8E-03 
GG3 7.3E-02 7.4E-02 2.2E-02 2.7E-02 9.0E-03 1.3E-02 3.0E-01 4.0E-03 
GG3 7.4E-02 8.3E-02 2.1E-02 2.5E-02 8.9E-03 1.3E-02 3.0E-01 3.4E-03 
GG3 5.8E-02 5.2E-02 1.9E-02 2.7E-02 5.4E-03 1.4E-02 3.3E-01 5.7E-03 
GG3 4.7E-02 4.4E-02 1.7E-02 2.8E-02 6.7E-03 1.1E-02 3.5E-01 3.3E-03 
GG3 5.8E-02 8.4E-02 1.7E-02 2.1E-02 7.5E-03 1.2E-02 3.3E-01 1.6E-03 
GG3 7.1E-02 9.6E-02 1.8E-02 2.1E-02 5.5E-03 1.2E-02 2.9E-01 2.1E-03 
GG3 7.2E-02 3.7E-02 1.3E-02 3.8E-02 5.9E-03 1.4E-02 3.3E-01 2.7E-03 
GG3 6.5E-02 7.8E-02 2.5E-02 2.4E-02 7.9E-03 1.2E-02 3.0E-01 3.8E-03 
GG3 5.4E-02 4.7E-02 1.8E-02 2.8E-02 6.7E-03 1.2E-02 3.4E-01 2.4E-03 
GG3 6.1E-02 7.8E-02 1.9E-02 2.3E-02 7.3E-03 1.2E-02 3.2E-01 1.9E-03 
GG3 7.1E-02 6.8E-02 2.3E-02 2.6E-02 8.9E-03 1.3E-02 3.0E-01 4.5E-03 
GG3 7.5E-02 7.7E-02 2.4E-02 2.4E-02 1.0E-02 1.3E-02 3.0E-01 4.5E-03 
GG3 6.3E-02 6.4E-02 2.1E-02 2.9E-02 6.3E-03 1.2E-02 3.1E-01 3.6E-03 
GG3 6.6E-02 6.3E-02 2.1E-02 2.8E-02 6.1E-03 1.2E-02 3.0E-01 3.5E-03 
GG3 6.6E-02 5.5E-02 2.0E-02 2.9E-02 8.4E-03 1.3E-02 3.3E-01 3.5E-03 
GG3 6.8E-02 6.6E-02 2.1E-02 2.5E-02 8.6E-03 1.3E-02 3.2E-01 3.9E-03 
GG3 7.1E-02 7.0E-02 2.0E-02 2.6E-02 8.6E-03 1.4E-02 3.1E-01 3.7E-03 
GG3 7.1E-02 7.0E-02 2.1E-02 2.6E-02 8.6E-03 1.3E-02 3.1E-01 3.8E-03 
GG3 6.9E-02 6.2E-02 2.3E-02 2.7E-02 6.9E-03 1.4E-02 3.1E-01 4.2E-03 
GG3 7.5E-02 6.4E-02 2.3E-02 2.4E-02 9.6E-03 1.4E-02 3.2E-01 4.1E-03 
GG3 7.1E-02 6.7E-02 2.1E-02 2.5E-02 8.9E-03 1.4E-02 3.2E-01 3.8E-03 
GG3 7.0E-02 6.9E-02 2.1E-02 2.5E-02 8.6E-03 1.3E-02 3.1E-01 3.9E-03 
GG3 3.8E-02 3.6E-02 1.5E-02 2.7E-02 3.1E-03 1.1E-02 3.6E-01 2.4E-03 
GG3 4.8E-02 2.0E-02 1.3E-02 4.3E-02 3.2E-03 1.1E-02 3.5E-01 4.1E-03 
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ID Al Ca Fe K Mg Na Si Ti 
GG3 6.9E-02 6.3E-02 2.2E-02 2.6E-02 9.4E-03 1.4E-02 3.1E-01 4.3E-03 
GG3 6.8E-02 6.4E-02 2.0E-02 2.6E-02 8.2E-03 1.4E-02 3.2E-01 3.6E-03 
GG3 7.1E-02 7.1E-02 2.1E-02 2.6E-02 8.8E-03 1.3E-02 3.1E-01 4.0E-03 
GG3 6.6E-02 6.3E-02 2.6E-02 2.7E-02 7.1E-03 1.5E-02 3.0E-01 4.3E-03 
GG3 6.9E-02 5.4E-02 1.9E-02 3.0E-02 7.9E-03 1.4E-02 3.2E-01 3.2E-03 
GG3 7.3E-02 7.6E-02 2.2E-02 2.4E-02 9.8E-03 1.3E-02 3.1E-01 3.7E-03 
GG3 7.2E-02 6.7E-02 2.1E-02 2.6E-02 8.7E-03 1.4E-02 3.2E-01 3.5E-03 
GG3 6.8E-02 6.8E-02 2.5E-02 2.8E-02 8.2E-03 1.5E-02 3.0E-01 4.5E-03 
GG3 7.2E-02 7.1E-02 2.8E-02 2.7E-02 8.1E-03 1.3E-02 2.9E-01 4.8E-03 
GG3 7.2E-02 7.8E-02 2.2E-02 2.6E-02 9.1E-03 1.3E-02 2.9E-01 3.3E-03 
GG3 7.3E-02 6.1E-02 1.9E-02 2.7E-02 8.2E-03 1.5E-02 3.0E-01 3.6E-03 
GG3 6.6E-02 5.7E-02 2.6E-02 2.6E-02 9.3E-03 1.5E-02 3.2E-01 4.0E-03 
GG3 6.6E-02 5.9E-02 2.5E-02 2.7E-02 9.6E-03 1.5E-02 3.2E-01 4.3E-03 
GG3 7.1E-02 7.8E-02 2.4E-02 2.5E-02 9.3E-03 1.3E-02 2.9E-01 4.2E-03 
GG3 6.9E-02 5.5E-02 2.0E-02 2.9E-02 5.4E-03 1.4E-02 3.2E-01 3.2E-03 
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APPENDIX F: RAW MAJOR ELEMENT CONCENTRATION MAP DATA 
 
 
Figure 80. Raw element concentration sample T11 
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Figure 81. Raw element concentration sample T12. 
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Figure 82. Raw element concentration sample T13. 
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Figure 83. Raw element concentration sample T14. 
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Figure 84. Raw element concentration sample T15. 
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Figure 85. Raw element concentration sample T16. 
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Figure 86. Raw element concentration sample T17. 
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Figure 87. Raw element concentration sample T18 
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Figure 88. Raw element concentration sample T19. 
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Figure 89: Raw element concentration sample WS1. 
 
 
351 
 
 
Figure 90. Raw element concentration sample WS2. 
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Figure 91. Raw concentration data sample T11, inset A. 
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Figure 92. Raw element concentration sample T11, inset B. 
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APPENDIX G: ISOTOPIC DATA FROM NANOSIMS ANALYSES 
Table 27. Isotopic analyses of 239Pu, 48Ca, and 27Al16O in UPI standard glass 
Standard 240Pu/239Pu ±1 σ 239Pu/48Ca ±1 σ 239Pu/27Al16O ±1 σ 
UPI 5.49E-02 1.71E-03 4.32E-03 3.08E-05 6.04E-03 4.31E-05 
UPI 5.42E-02 9.92E-04 4.94E-03 2.06E-05 7.09E-03 2.96E-05 
UPI 5.44E-02 9.95E-04 5.72E-03 2.38E-05 8.24E-03 3.44E-05 
UPI 5.67E-02 1.15E-03 4.84E-03 2.27E-05 6.74E-03 3.17E-05 
UPI 5.64E-02 1.23E-03 4.82E-03 2.44E-05 6.75E-03 3.43E-05 
UPI 5.58E-02 1.02E-03 5.76E-03 2.42E-05 8.33E-03 3.50E-05 
UPI 5.56E-02 1.10E-03 4.98E-03 2.27E-05 6.89E-03 3.14E-05 
UPI 5.50E-02 1.09E-03 4.98E-03 2.27E-05 6.88E-03 3.14E-05 
UPI 5.45E-02 9.82E-04 4.83E-03 1.98E-05 6.72E-03 2.76E-05 
UPI 4.95E-02 1.00E-03 4.98E-03 2.19E-05 7.32E-03 3.23E-05 
UPI 4.74E-02 1.44E-03 4.67E-03 2.98E-05 6.76E-03 4.31E-05 
UPI 5.14E-02 1.07E-03 5.43E-03 2.52E-05 8.29E-03 3.85E-05 
UPI 5.37E-02 1.18E-03 4.74E-03 2.36E-05 7.01E-03 3.48E-05 
UPI 5.02E-02 1.21E-03 4.78E-03 2.53E-05 7.49E-03 3.97E-05 
UPI 4.91E-02 1.18E-03 4.70E-03 2.45E-05 7.23E-03 3.77E-05 
Summary 5.33E-02 2.95E-03 4.97E-03 3.90E-04 7.19E-03 6.59E-04 
 
Table 28. Isotopic analyses of 239Pu, 48Ca, and 27Al16O in UPO standard glass 
Standard 240Pu/239Pu ±1 σ 239Pu/48Ca ±1 σ 239Pu/27Al16O ±1 σ 
UPO 5.29E-02 2.44E-03 9.49E-04 9.78E-06 1.33E-03 1.37E-05 
UPO 5.83E-02 2.87E-03 7.76E-04 8.92E-06 1.04E-03 1.20E-05 
UPO 5.50E-02 2.80E-03 7.77E-04 8.99E-06 1.04E-03 1.20E-05 
UPO 5.68E-02 2.81E-03 7.69E-04 8.96E-06 1.02E-03 1.19E-05 
UPO 5.67E-02 2.88E-03 7.73E-04 9.02E-06 1.03E-03 1.20E-05 
Summary 5.60E-02 2.06E-03 8.09E-04 7.84E-05 1.09E-03 1.33E-04 
 
Table 29. Results from a line transect of WS2 across the midsection: Line A 
Index Distance (um) 
240Pu/48Ca ±1 σ Pu Conc. (ppm) ±1 σ 
240Pu/239Pu ±1 σ 
1 0 2.10E-04 2.91E-06 1.91E+00 1.87E-01 2.90E-02 2.41E-03 
2 75 1.83E-04 2.76E-06 1.67E+00 1.64E-01 2.67E-02 2.45E-03 
3 150 1.93E-04 2.92E-06 1.76E+00 1.72E-01 2.94E-02 2.63E-03 
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4 225 1.55E-04 4.15E-06 1.41E+00 1.42E-01 3.60E-02 5.40E-03 
5 300 1.75E-04 3.93E-06 1.59E+00 1.59E-01 3.58E-02 4.27E-03 
6 375 7.65E-05 2.90E-06 6.97E-01 7.26E-02 5.30E-02 9.88E-03 
7 450 5.92E-05 2.72E-06 5.39E-01 5.79E-02 4.62E-02 1.11E-02 
8 525 9.11E-05 2.77E-06 8.30E-01 8.44E-02 3.55E-02 6.02E-03 
9 675 1.11E-04 2.86E-06 1.01E+00 1.12E-01 3.42E-02 4.53E-03 
10 750 8.95E-05 3.13E-06 8.15E-01 1.02E-01 3.91E-02 5.37E-03 
11 825 7.24E-05 3.40E-06 6.60E-01 8.49E-02 2.51E-02 7.40E-03 
12 900 7.67E-05 3.08E-06 6.98E-01 6.99E-02 4.27E-02 6.79E-03 
13 975 9.65E-05 3.25E-06 8.79E-01 7.39E-02 2.21E-02 1.02E-02 
14 1050 8.46E-05 3.49E-06 7.70E-01 9.10E-02 2.51E-02 5.13E-03 
15 1125 1.68E-04 3.34E-06 1.53E+00 8.07E-02 2.02E-02 6.35E-03 
16 1200 3.65E-05 4.27E-06 3.32E-01 1.54E-01 3.23E-02 3.67E-03 
17 1275 3.43E-05 1.65E-06 3.13E-01 3.56E-02 5.18E-02 8.22E-03 
18 1350 4.04E-05 1.60E-06 3.68E-01 3.37E-02 3.69E-02 1.28E-02 
19 1425 9.21E-05 1.82E-06 8.39E-01 3.93E-02 3.54E-02 9.38E-03 
20 1500 3.41E-05 3.93E-06 3.10E-01 8.89E-02 6.05E-02 7.88E-03 
21 1575 1.63E-04 1.93E-06 1.89E+00 3.48E-02 2.57E-02 1.60E-02 
22 1650 2.08E-04 4.84E-06 2.42E+00 1.92E-01 3.01E-02 4.84E-03 
23 1725 1.75E-04 7.59E-06 2.03E+00 2.50E-01 3.67E-02 6.51E-03 
 
Table 30. Results from a line transect of an agglomerated spherule on WS2: Line B 
Index Distance (um) 
240Pu/48Ca ±1 σ Pu Conc. (ppm) ±1 σ 
240Pu/239Pu ±1 σ 
1 0 4.23E-04 4.37E-06 2.80E+00 2.73E-01 2.60E-02 1.68E-03 
2 20 4.30E-04 4.19E-06 2.85E+00 2.78E-01 2.90E-02 1.68E-03 
3 70 3.56E-04 3.74E-06 2.36E+00 2.30E-01 2.67E-02 1.75E-03 
4 180 3.99E-04 3.79E-06 2.65E+00 2.58E-01 2.91E-02 1.64E-03 
5 210 4.26E-04 3.79E-06 2.82E+00 2.75E-01 3.17E-02 1.63E-03 
6 240 3.85E-04 3.77E-06 2.55E+00 2.49E-01 2.55E-02 1.57E-03 
7 268 2.39E-04 3.29E-06 1.58E+00 1.55E-01 2.61E-02 2.27E-03 
 
Table 31. Results from a line transect of a subsumed agglomerate on WS1: Line A 
Index Distance (um) 240Pu/48Ca ±1 σ Pu Conc. (ppm) ±1 σ 240Pu/239Pu ±1 σ 
1 0 4.76E-04 4.60E-06 6.30E+00 6.11E-01 2.44E-02 1.53E-03 
2 15 2.56E-04 3.24E-06 3.40E+00 3.30E-01 2.59E-02 2.09E-03 
3 30 1.98E-04 2.97E-06 2.63E+00 2.55E-01 2.30E-02 2.29E-03 
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4 45 9.71E-05 1.59E-06 1.29E+00 1.25E-01 2.59E-02 2.73E-03 
5 60 8.57E-05 1.73E-06 1.14E+00 1.10E-01 2.32E-02 3.08E-03 
6 75 9.14E-05 1.92E-06 1.21E+00 1.17E-01 3.22E-02 3.92E-03 
 
Table 32. Results from a line transect of a subsumed agglomerate on WS1: Line B 
Index Distance (um) 240Pu/48Ca ±1 σ Pu Conc. (ppm) ±1 σ 240Pu/239Pu ±1 σ 
1 0 3.24E-04 3.40E-06 4.30E+00 4.17E-01 2.58E-02 1.71E-03 
2 20 2.39E-04 3.01E-06 3.16E+00 3.07E-01 2.36E-02 1.96E-03 
3 45 6.27E-05 1.06E-06 8.31E-01 8.06E-02 3.11E-02 3.01E-03 
4 68 6.21E-05 1.36E-06 8.23E-01 7.99E-02 3.11E-02 4.10E-03 
5 88 2.94E-05 6.43E-07 3.89E-01 3.77E-02 3.04E-02 4.57E-03 
 
Table 33. Results from a line transect of the exterior periphery on WS2: Line C 
Index Distance (um) 240Pu/48Ca ±1 σ Pu Conc. (ppm) ±1 σ 240Pu/239Pu ±1 σ 
1 0 3.78E-04 3.26E-06 2.50E+00 2.43E-01 2.42E-02 1.47E-03 
2 21 3.27E-04 3.17E-06 2.17E+00 2.10E-01 2.15E-02 1.50E-03 
3 41 3.22E-04 3.09E-06 2.13E+00 2.07E-01 2.37E-02 1.49E-03 
4 62 3.01E-04 2.94E-06 1.99E+00 1.93E-01 2.44E-02 1.64E-03 
5 82 3.65E-04 3.59E-06 2.42E+00 2.34E-01 2.54E-02 1.62E-03 
6 103 8.78E-05 1.85E-06 5.81E-01 5.64E-02 2.37E-02 3.32E-03 
 
Table 34. Results from a line transect of the exterior periphery on WS2: Line D 
Index Distance (um) 240Pu/48Ca ±1 σ Pu Conc. (ppm) ±1 σ 240Pu/239Pu ±1 σ 
1 0 4.04E-04 3.85E-06 2.68E+00 2.60E-01 2.73E-02 1.77E-03 
2 21 3.47E-04 3.63E-06 2.30E+00 2.23E-01 2.83E-02 1.91E-03 
3 41 3.43E-04 3.59E-06 2.27E+00 2.20E-01 2.34E-02 1.63E-03 
4 62 3.39E-04 3.52E-06 2.25E+00 2.18E-01 2.57E-02 1.76E-03 
5 82 1.95E-04 3.14E-06 1.29E+00 1.25E-01 3.09E-02 2.88E-03 
6 103 9.79E-05 2.08E-06 6.49E-01 6.29E-02 2.76E-02 4.15E-03 
7 124 1.33E-04 2.31E-06 8.84E-01 8.58E-02 2.74E-02 2.99E-03 
8 144 1.06E-04 2.05E-06 7.03E-01 6.82E-02 2.89E-02 3.53E-03 
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